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14.40-15.00 

N.A.  Vinnichenko 

Modification  of  a  Single  Vortex  Due  to  Local  Excitation  of  an  Internal  Degree  of  Freedom. 

N.A.  Vinnichenko,  A.V.  Uvarov,  A.I.  Osipov 

15.00-15.20 

A.S.  Baryshnikov 

Comparison  of  Shock  Wave  Propagation  in  the  Stationary  and  Decay  Plasma  of  the  Glow 
Discharge  in  the  Different  Gases.  A.S. Baryshnikov,  I.V.Basargin,  M.V.Chistyakova 

15.20-15.40 

Yu.L.  Serov 

Interaction  of  Shock  Waves  with  Plasma:  Detonation  of  Explosives  on  the  Basis  of  Nitro¬ 
compounds  (Nitroglycerine,  Nitroglycol,  Trotyl).  Yu.L.  Serov 

15.40-16.00 

COFFEE  BREAK 

16.00  - 17.00 

SESSION  11.  Plasma  Aerodynamics  -  4.  Chairman  V.V.Golub 

16.00-16.20 

O.  Azarova 

The  Role  of  Instabilities  and  Vortices  in  Interaction  of  Heat  Inhomogeneities  with  Supersonic 

Blunt  Body.  Olga  Azarova,  Yuri  Kolesnichenko,  Doyle  Knight 

16.20-16.40 

C.Yu.  Pirogov 

Absorption  Modes  of  Power  Laser  Radiations  in  Air  in  a  Mode  of  Light  Detonation.  Pirogov 

S.Yu.,  Yuriev  A.S.,  Belvanin  D.G. 

16.40-17.00 

V.N.  Senchenko 

System  for  Particles  Parameters  Measurement  in  High-Speed  Heterogeneous  Plasma  Streams. 

S.V.  Gorjachev,  E.H.  Isakaev,  V.N.  Senchenko,  V.F.  Chinnov,  V.  V.  Shcherbakov 

17.00  - 18.00 

OPEN  DISCUSSION  on  MHD/PA  and  Shock  Waves//  V.A.Bityurin,  V.V.  Golub 

17.00-17.50 

A.P.  Likchachev,  A.G.Oreshko,  V.A.  Belokogne,  A.S.  Yuriev,  S.Yu.  Pirogov,  D.S.  Baranov, 

V.V.  Velikodny,  A.A.  Tsymbal,  V.A.Kutlaliev 

17.50-18.00 

V.A.Bityurin,  V.V.Golub 

SUMMARY 

POSTER  SESSION  -  3  Papers 

A.P.  Likchachev 

On  a  Problem  of  Converging  Shock  Wave  Stability  in  Termodynamically  Non-Ideal  Media. 

A.V.  Konyukhov,  A.P.  Likhachev,  V.E.  Fortov 

A.G.Oreshko 

Research  of  a  Ball  Lighting  in  the  Field  of  its  Origin  and  Abnormal  Passage  of  a  Ball  Lightning 
through  Absorbers.  A.G.Oreshko 

V.A.  Belokogne 

On  the  Refined  Assessment  of  the  One-Photon  Entropy.  V.A.  Belokogne 

V.A.  Belokogne 

One  More  Non-Thermal  Spaceecraft  Design  Scheme.  V.A.  Belokogne 

A.S.  Yuriev 

Shock  -  Wave  Frames  before  a  Body  at  Effect  on  Filling  Hypersonic  Flow  Counter  Laser 
Radiation.  Yuriev  A.S.,  Pirogov  S.Yu.,  Filatov  A.V.,  Typaev  V.V 

S.Yu.  Pirogov 

Shock  -  Wave  Frame  on  an  Input  of  External  Compression  Inlet  at  Energy  Supply  in  Supersonic 
Undisturbed  Flow.  Pirogov  S.Yu.,  Yuriev  A.S.,  Makhrov  A.S.,  Tvpaev  V.V. 

D.S.  Baranov 

Experimental  Observation  of  Non-Preionized  Airflow  in  Magnetic  Field,  V.I. Alferov, 

A.V.  Podmazov,  V.S. Tikhonov,  A.A.  Tikhonchuk,  D.S.  Baranov,  V.A.  Bityurin,  A.N.  Bocharov, 

S.S.  Bychkov,  S.V.  Gorachev 

V.V.  Velikodny 

Research  of  the  Erosive  Discharge  in  Supersonic  Stream  of  Electrolit  Drops  in  Air  for  the 

Purpose  of  Burning  Stabilization  of  Kerosene  in  the  Jet  Engine.  Bityurin  V.A.,  Bykov  A.A., 
Velikodny  V.Ju.,  Samuolis  I. A. 

A. A.  Tsymbal 

Extra  Heat  Energy  Release  and  New  Chemical  Elements  Creation  in  Vortex  A1-H20  Plasmoid 
Reactor.  A. I.  Klimov,  A.V.  Grigorenko,  A.A.  Tsymbal,  I.A.  Moralev,  B.N.  Tolkunov,  L.B. Polyakov 

V.A.Kutlaliev 

Study  of  Interaction  of  Long-lived  Plasma-Chemical  Formations  with  External  EM  Radiation. 

Kutlaliev  V.A.,  Klimov  A.I.,  Moralev  I.A.,  Tolkunov  B.N.,  Shibkov  V.M.,  Yershov  A.P.,  Surkont  O.S. 
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GAS  DISCHARGES  WITH  HIGH  SPECIFIC  ENERGY  RELEASE  LIKE 
IGNITERS  OF  CLOSED  VOLUMES  OR  FLUXES  OF  COMBUSTIBLE 

GASES 

N.K.Berezhetskaya,  S.I.Gritsinin,  A.M.Davydov,  S.Yu.Kazanstev,  I.G.Kononov,  I.A.Kossvi,  P.S.Kuleschov1 , 

N.A.Popov2,  A.M.Starik1,  N.M.  Tarasova,  K.N.Firsov 

A.M. Prokhorov  General  Physics  Institute  of  RAS,  Moscow,  Russia 
1  U,eHTpajTbHblH  HHCTHTyT  ABHaUHOHHOrO  MoTOpOCTpOeHHfl  HM.  EapaHOBa,  MoCKBa 
2HHCTHTyT  -fl^epHOH  ®H3HKH  HM.  .H.B.Ck'OOejlbUblHa,  MFY,  MoCKBa 

E-mail:  kossvi@fpl.gpi.ru 

The  main  goal  of  work  is  investigation  of  gaseous  mixtures  ignition  caused  by  the 
electric  discharges  distinctive  in  that  they  have  high  specific  energy  release  in  a  discharge 
volume,  are  sources  of  intense  UV  radiation  introducing  into  the  surrounding  gas  medium  and 
have  specific  geometry  of  plasma  which  excites  combustion. 

Special  setups  were  brought  into  operation  in  the  General  Physics  Institute  and  cycle 
of  experiments  has  been  performed  on  the  ignition  of  combustion  in  CH4:02  and  H2:02 
mixtures  with  the  following  electric  discharges  served  the  function  of  igniters: 

gliding  high-current  surface  DC  discharge  along  the  multielectrode  discharger  (Fig.l); 
microwave  discharge  excited  by  powerful  microwave  beam  on  the  metal-dielectric  target 

(Fig-  2); 


Fig.l.  Scheme  of  reactor  with  combustible  gas  mixture  ignition  through  the  DC  discharge.  1 -multielectrode 
discharger;  2 -chamber  of  reactor;  3,10-  streak  camera;  4-nitrogen  laser;  5-telescope;  6-lens;  7 -diaphragm;  8- 
filter  UFS-6;  9-camera;  spectrographs;  12 -photomultiplier;  13 -piezo-sens or. 

Fig .  2.  Scheme  of  reactor  with  combustible  gas  mixture  ignition  through  the  microwave  discharge.  1 -magnetron; 
2-attenuator;  3-circulator;  4-horn-lens  antenna;  5-vacuum  chamber;  6-photomultiplier;  7-spectrograph;  8- 
streak  camera;  9-quartz  cell;  10-metal-dielectric  target;  1 1-microwave  discharge  and  12-microwave  beam 

laser  spark  on  the  surface  of  metallic  target  (Fig.  3); 
freely  localized  in  space  laser  spark  (Fig.  4); 

-  microwave  torch ; 
microwave  ark . 

Such  a  phenomena  attendant  on  ignition  through  these  dischargers  have  been  observed 
and  described: 

abnormally  long-lived  plasmoids  coming  into  being  in  the  discharge  volume  and  living  in 
gas  medium  up  to  beginning  of  volumetric  “explosive”  combustion  in  reactor  and 
excitation  of  “incomplete-combustion”  wave  preceding  the  “explosive”  volumetric 
combustion; 
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possibility  to  ignite  kerosene/air  flux  under  conditions  when  standard  spark  plug  does  not 
work  as  an  igniter. 

V  I  8  »  | 


x0  V'l 


I 


XD 


XVX> 


/ 


/ 


aoij 


\ 


\ 


Fig.  3.  Scheme  of  reactor  with  combustible  gas  mixture  ignition  through  the  laser  spark  excited  on  the  surface  of 
metallic  target.  1 ,2 -photomultipliers;  3 -nitrogen  laser;  4-lens;  5 -reactor  chamber;  6-metallic  target;  7 -streak 
camera;  8 -spark 

Fig.  4.  Scheme  of  experiment  on  combustion  ignition  through  the  freely  localized  laser  spark.  1,2- 
photomultipliers ;  3,4-spectrographs;  5 -chamber  of  reactor  (quartz);  7 -streak  camera;  8-spark;  9-chemical  laser 

The  elucidation  of  “long-lived”  plasmoids  and  “incomplete-combustion”  wave  nature 
is  one  of  main  objectives  of  presented  paper. 

TA30BME  PA3P5I^I>I  C  BMCOKHM  Y^EJIBHBIM 
3HEPrOBBI^EJIEHHEM  KAK  HHHIJHATOPM  BOCIUIAMEHEHHB 
nOTOKOB  TA3A  HJIH  3AMKHYTBIX  TA30BMX  OEBEMOB. 

H.K.Eepejtcei^Kan ,  C.M.T pugnnun,  A.M.Jfasbidos ,  C.lO.Kasanqea,  H.r.KoHonoe ,  H.A.Koccuu , 

II.  C.Kyjiemoe1 ,  H.A.IIonoe2,  A.M.  CmapuK1,  H.M.  Tapacoea ,  K.H.  <Fupcoe 

Hhcthtyt  06men  Oh3hkh  hm.  A.M.npoxopOBa  PAH,  MocKBa 
1  IteHTpajiBHBiH  Hhcthtyt  ABHaijHOHHoro  MoTOpocTpoeHHfl  hm.  BapaHOBa,  MocKBa 
2Hhcthtyt  ^epHOH  Oh3hkh  hm.  /t.B.CKo6ejii>u,BiHa,  MTY,  MocKBa 

CoAep^aHHe  padoTti  3aKjHouaeTC5i  b  Hcejie^OBaHHH  BocnjiaMeHeHra  ra30BBix 
CMeceii,  HHHijHHpyeMoro  ojieKTpHuecKHMH  pa3p5i,z];aMH,  OTjiHuaiOHjHMHCfl  bbicokhm 
y^ejiBHBiM  OHeproBBi^ejieHneM,  H3JiyueHHeM  HHTeHCHBHoro  YO  h  ocoSchhoctomh 
CTpyKTypBi  h  reoMeTpHH  njia3MBi  HHHipiaTOpa. 

J\jik  pememra  nocTaBjieHHBix  b  padoTe  3a,o;aH  b  HHCTHTyTe  OSmen  ®h3hkh  PAH 
npOBe^eH  ijhkji  OKcnepHMeHTOB  no  BoenjiaMeHeHHio  MeTaH-KHCJiopo^HBix  n  BO^opOA- 
khcjiopoahbix  CMeceii  e  noMomtio  cjie^yionjHx  ojieKTpopaap^AHBix  HHHijHaTopOB: 

-  CHJIBHOTOHHOrO  CKOJIB35ffljerO  B^OJIB  MHOrOOJieKTpOAHOH  MeTaJIJl-AHOJieKTpHHeCKOH 

cncTeMBi  paapa^a  (Pne.  1); 

-  MHKpOBOJiHOBoro  pa3p5i£a,  Boady^aeMoro  mohjhbim  mhkpobojihobbim  nyuKOM  Ha  MeTajui- 
^HOjreKTpHHecKon  noBepxHOCTH  (Pne.  2); 

-  jia3epHon  ncKpBi  Ha  noBepxHOCTH  MeTajuiHuecKOH  MHmeHH  (Phc.  3); 

-  cboSo^ho  ji0KajiH30BaHH0H  b  npocTpaHCTBe  jia3epHOH  hckpbi  (Phc.  4); 

-  MHKpOBOJiHOBoro  (|)aKejia; 

-  MHKpOBOJIHOBOH  A yTH. 

HadjiiOAeHBi  h  onneaHLi  cjieAyiomHe  npHcymne  nepeuHCJieHHBiM  HHHijHaTOpaM 
^BjieHH^: 

-  no^BjieHHe  aHOMajiBHO  AOJiro^HBymnx  njiaaMOH^OB,  BHeApinomHxcfl  b  ra30Byio  epe^y  h 
}KHBymHx  BnjiOTB  ro  odueMHoro  «B3pBiBHoro»  BoenjiaMeHeHH^  peaKTOpa; 
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B036yac,n:eHHe  bojihbi  «HenojiHoro  cropaHHa»,  npeflinecTByiomeH  odbeMHOMy 
«B3pBiBHOMy»  BOcnjiaMeHeHHio; 

-  BocmiaMeHemie  KepocHH-B03,qyHiHoro  noTOKa  b  ycaoBHax,  Kor^a  CTamiapTHaa  HcxpoBaa 
CBena  He  padoTaeT  b  KaaecTBe  HHHUHaTOpa  BoaropaHMa. 

BbiacHeHHe  npupoAbi  HadaioAaeMbTx  aBHeHHH  -  ocHOBHaa  3a^ana  HacToamen 
paSoTbi. 


IGNITION  OF  PROPANE-AIR  MIXTURES  BY  RF  SPARK 

DISCHARGE 

F.  Auzas  M.  Makarov  \  G.  Naidis  2 
1  Renault  S.A.S,  1  avenue  du  Golf,  78288  Guyancourt,  France 
2  Joint  Institute  for  High  Temperatures  RAS,  125412  Moscow,  Russia,  gnaidis@mail.ru 

Results  of  numerical  simulation  of  propane-air  mixture  ignition  by  one-electrode 
pulsed  RF  spark  discharges  are  presented.  The  threshold  conditions  required  for  ignition  are 
evaluated.  It  is  shown  that  depending  on  discharge  conditions  and  mixture  composition,  either 
spherical  or  cylindrical  flame  kernel  is  formed.  The  simulation  results  fit  well  the 
experimentally  observed  patterns. 

1.  A.  Agneray  et  al.  28th  ICPIG,  July  15-20,  2007,  Prague  (Czech  Republic),  paper  3P10-01. 

2.  A.  Agneray  et  al.  35th  IEEE  ICOPS,  June  15-19,  2008,  Karlsruhe  (Germany),  paper  IP76. 

3.  M.S.  Benilov  and  G.V.  Naidis,  IEEE  Trans.  Plasma  Sci.  31,  488  (2003). 

BOCnJIAMEHEHHE  nP0nAH0-B03AyiHHbIX  CMECEH 
BbICOKOHACTOTHbIM  HCKPOBbIM  PA3PH^OM 

<I>.  03ac  ' ,  M.  Manapoe1,  /  .  Haiiduc2 
'TexHOueHip  PeHO,  T uaHKyp  78288,  OpaHuua 
206t>e/iHHeHHbiu  HHCTicryT  bhcokhx  TeMnepaTyp  PAH,  MocKBa  125412,  Pocchh 

B  pa6oTe  npeACTaBjieHbi  pe3yjn>TaTbi  MojjejiHpoBaHHa  3aacHraHHa  nponaHo- 
B03jiyuiHbix  CMeceii  o,n,H03aeKTpo,n,HbiM  BbicoKonacTOTHbiM  HMnynbCHbiM  paapanoM. 
CTpyKTypa  pa3pa,n;a  npejicTaBaaeT  co6oh  hh jjhbh jiy ajibHbiii  tohkhh  naa3MeHHbift  KaHaa  hjih 
HecKOJibKO  OAHOBpeMeHHO  (JiopMHpyioniHxcfl  KaHajiOB  [1,2].  Mo,n,eab  paapana,  aHaaormiHaa 
pa3pa6oTaHHoft  b  [3],  no3BoaaeT  oueHHTb  pacnpe,aeneHHe  jikhchhoh  mohjhocth 
3HeproBbij],ejieHHfl  Q  b^ojib  och  z  oxaeabHoro  pa3paaHoro  KaHana.  /fnHaMUKa  npouecca 
3aacnraHHa  roproueu  cMecn  onncbiBaeTca  nyTeM  HHcneHHoro  pemeHua  chctcmbi  yp aBHeHHH 
ra30BOH  AHHaMHKH  H  XHMHHeCKOH  KHHeTHKH,  B  npu6jM>KeHHH  3(|)(])eKTHBHOH 
OAHOCTajjHHHOH  peaKHHH  oKHcaeHHa  nponaHa. 

IIoKa3aHO,  hto  BOcnaaMeHeHHe  b  OKpecTHOCTH  tohkh  zo  Ha  och  KaHana  nponcxoauT 
TOjibKo  b  cnyaae,  Kopna  BennanHa  Q(zo)  npeBocxojjHT  HeKOTopoe  noporoBoe  3HaueHne  Qlgn, 
3aBHcam,ee  ot  BHemHHx  ycnoBHH  -  naBneHua,  ^jiHTejibHOCTH  paapana,  K03([)([)HUMeHTa 
H36biTKa  Boanyxa.  IIocKonbKy  Q  mohotohho  y6biBaeT  no  Mepe  ynanemia  ot  anerrpona, 
BOcnaaMeHeHHe  npoucxonuT  b  nepByio  onepenb  b6bh3h  aneKTpona.  B  3aBHCHM0cm  ot 
BHemHHx  ycaoBHH  bo3mo5khbi  pa3JiHHHbie  peacHMbi  BocnnaMeHeHua.  Ecau  ycaoBHe  Q(z)  > 
Q[gn  BbinoaHaeTca  ToabKO  B6aH3H  aneiopona,  to  aancuraHue  aoKaaH30BaHO  b  HeOoabmoM 
o6beMe  h  pacnpocTpaHeHHe  naaMeHH  nponcxonuT  xax  ot  cc^epuaecKoro  HCToaHHKa.  Ecau 
ace  BOcnaaMeHeHHe  nponcxoauT  Bnonb  nonra  Bcero  KaHaaa,  to  xapaiciep  pacnpocTpaHeHHa 
naaMeHH  Ha  HaaaabHoft  CTannu  cooTBeTCTByeT  unaHH^puaecKOMy  ncTouHHKy 
BOcnaaMeHeHHa,  c  nocnenyioiHUM  nepeKpbiTHeM  o6aacTeu  ropeHHa,  pacnpocTpaHaioiHMxca 
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ot  HH^HBH^yajitHbix  KaHajioB.  nojiyneHHaa  npn  Mo^ejmpoBaHHH  KapraHa  (jiopMHpoBaHHs 
onaroB  BOcnjiaMeHemni  h  pacnpocTpaHemra  naaMCHH  OTBeuaeT  Ha6jno,n,aeMOH  b 
3KcnepHMeHTe  [2], 

IGNITION  OF  GASEOUS  AND  LIQUID  HYDROCARBON  FUEL 
UNDER  CONDITIONS  OF  HIGH-SPEED  AIR  STREAMS  WITH  HELP 
OF  A  SURFACE  MICROWAVE  DISCHARGE 

V.M.Shibkov,  L.  V.Shibkova,  A.A.Karachev,  R.S.Konstantinovskij 

Faculty  of  Physics,  Moscow  State  University,  Moscow,  Russian,  shibkov@,phvs.msu.ru 

The  study  of  the  ignition  and  combustion  of  hydrogen-containing  mixtures  under  low- 
temperature  plasma  conditions  is  of  importance  from  various  standpoints:  it  is  necessary  to 
carry  out  both  fundamental  research  in  the  mechanism  and  kinetics  of  atom-molecule 
reactions  in  a  strong  electric  field  and  an  analysis  of  a  variety  of  applied  problems,  including 
the  optimization  of  plasma  chemical  processes.  One  practical  problem  is  to  develop  the 
physical  principles  of  the  scramjet.  In  order  to  diminish  the  engine  length,  it  is  necessary  to 
ensure  a  rapid  space  ignition  of  the  high-velocity  hydrocarbon  flow.  To  do  this,  it  is  necessary 
to  minimize  the  induction  period. 

It  is  known,  that  ignition  of  combustible  gaseous  mixtures  can  be  realize  or  due  to 
heating  of  gas  to  high  temperature  (thermal  autoignition),  or  because  of  additional  creation  of 
radicals  and  active  particles  under  condition  of  gas  discharge  plasma.  Finding-out  of  the 
mechanisms  responsible  for  ignition  at  the  presence  of  non-equilibrium  low-temperature 
plasma  of  the  gas  discharge  at  high  values  of  the  reduced  electric  field,  is  one  of  the  principal 
goals  of  the  investigations. 

The  mechanism  of  the  gas-phase  oxidation  of  various  combustible  gases,  including 
hydrocarbons  and  hydrogen,  has  been  thoroughly  studied,  with  the  emphasis  on  their  ignition 
mechanism.  The  great  majority  of  publications  in  this  field  have  dealt  with  factors 
determining  the  induction  period  preceding  the  ignition  event.  In  recent  decades,  there  has 
also  been  much  literature  discussing  the  possibility  of  effectively  controlling  combustion 
processes  by  various  physical  means  [1-3],  In  a  number  of  works,  it  is  suggested  to  initiate 
ion-molecule  and  ion-atom  reactions  using  low-temperature  gas-discharge  plasma. 

However,  the  ignition  kinetics  under  low-temperature  gas-discharge  plasma 
conditions,  which  are  established  at  large  values  of  the  reduced  electric  field,  is  not 
completely  understood  even  for  the  rather  simple  model  hydrogen-oxygen  system.  Therefore, 
for  a  deeper  insight  in  the  physicochemical  processes  occurring  at  initiation  of  the  ignition  of 
gaseous  and  liquid  hydrocarbon  fuel  with  help  of  the  low-temperature  plasma,  both 
experimental  study  and  theoretical  investigation  of  the  effect  of  a  gas  discharge  on  the 
ignition  event  should  be  fulfilled. 

The  results  of  researches  of  low-temperature  non-equilibrium  microwave  plasmas  in 
still  air  and  in  supersonic  streams  of  the  air  and  hydrocarbon-air  fuel  which  have  been 
fulfilled  at  Physical  Faculty  of  the  Moscow  State  University  within  last  several  years  are 
submitted  in  the  paper  [4-17], 

Experiments  were  carried  out  on  the  installation  consisting  of  a  vacuum  chamber,  a 
receiver  of  a  high  pressure  of  air,  a  receiver  of  a  high  pressure  of  propane,  a  system  for 
mixing  propane  with  air,  a  system  for  producing  a  supersonic  gas  flow,  magnetron  generator, 
system  for  delivering  microwave  power  to  the  chamber,  cylindrical  and  rectangular 
aerodynamic  channels,  sources  of  high-voltage  pulses,  a  synchronization  unit,  and  a 
diagnostic  system.  The  basic  component  of  the  experimental  setup  is  an  evacuated  metal 
cylindrical  chamber,  which  serves  simultaneously  for  supersonic  flow  creation,  and  as  a  tank 
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for  the  expiration  of  gases  or  combustion  products.  The  inner  diameter  of  the  vacuum 
chamber  is  1  m,  and  its  length  is  3  m. 

A  high-speed  flow  was  produced  by  fdling  the  vacuum  chamber  with  air  through  a 
specially  profiled  Laval  nozzle  mounted  on  the  outlet  tube  of  the  electromechanical  valve  and 
designed  for  Mach  number  of  M<  2.  The  microwave  source  is  a  pulsed  magnetron  generator 
operating  in  the  centimeter  wavelength  range.  The  parameters  of  the  magnetron  generator  are 
as  follows:  the  wavelength  is  X  =  2.4  cm,  the  pulsed  microwave  power  is  Wp  <  100  kW,  the 
pulse  duration  is  t=  1-200  ps,  and  the  period-to-pulse  duration  ratio  is  Q  =  1000.  The 
vacuum  system  of  the  chamber  allows  us  to  vary  the  pressure  over  a  wide  range  from  10 3  to 
103  Torn 

The  microwave  discharge  created  on  an  external  surface  of  the  quartz  antenna  at  high 
pressures  of  air  when  frequency  of  collisions  of  electrons  with  molecules  is  much  greater  of 
circular  frequency  of  an  electromagnetic  field  is  investigated.  In  these  conditions  a  surface 
microwave  discharge  consists  of  system  of  thin  plasma  channels  with  the  transversal  sizes 
0,1 -0,2  mm.  Dynamics  of  development  of  a  surface  microwave  discharge  is  investigated,  thus 
dependences  of  the  longitudinal  size  of  the  discharge,  and  also  longitudinal  speed  of  its 
propagation  on  microwave  power  and  pulse  duration  are  measured.  It  is  shown,  that  in  an 
initial  stage  of  discharge  formation  the  longitudinal  speed  of  its  propagation  reaches  2- 
30  km/s  and  at  high  air  pressures  of  p>  30  Torr  the  wave  of  breakdown  is  the  main 
mechanism  providing  distributions  of  the  discharge. 

Gas  dynamical  perturbations  arising  in  a  vicinity  of  the  dielectric  antenna  on  which  the 
surface  microwave  discharge  is  created  at  high  air  pressures  are  investigated.  The  time  course 
of  gas  temperature  is  determined  at  various  values  of  microwave  power.  It  is  shown,  that  at 
atmospheric  air  pressure  at  a  stage  of  the  discharge  formation  the  gas  is  heated  up  with  a  rate 
of  30-70  K/us.  Electron  density  in  plasma  channels  at  atmospheric  pressure  does  not  exceed 

i  r  'j 

10  cm'  .  Evolution  of  the  shock  waves  arising  under  conditions  of  a  surface  microwave 
discharge  at  various  pressure  of  surrounding  gas,  microwave  power  and  pulse  duration  is 
investigated.  It  is  shown,  that  near  to  the  antenna  speed  of  a  shock  wave  propagation  reaches 
of  1  km/s. 

Fast  plasma-stimulated  ignition  of  thin  films  of  liquid  hydrocarbons  is  realized  under 
conditions  of  a  surface  microwave  discharge  in  motionless  air.  It  is  shown  that  the  induction 
period  changes  from  5  up  to  100  ps  depending  on  a  microwave  power.  Ignition  occurs  on  the 
antenna  in  the  field  of  existence  of  a  surface  microwave  discharge  at  the  gas  temperature 
which  is  not  exceeding  of  1000  K.  Propagation  velocity  of  forward  border  of  intensive 
combustion  area  can  reach  of  300  m/s. 

Influence  of  non-equilibrium  plasma  of  a  surface  microwave  discharge  on  processes  of 
ignition  of  a  supersonic  propane-air  stream  with  Mach  number  M=2  is  considered.  Alcohol, 
gasoline  and  kerosene  ignition  under  conditions  of  subsonic  and  supersonic  air  streams  is 
investigated  too. 

The  work  was  partially  supported  by  the  Russian  Foundation  of  Basic  Research  (grant 
#08-02-01251),  Russian  Academy  of  Science  (P-09  program)  and  CRDF  Project  #  RUP- 
1514-MO-06. 
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BOCnjIAMEHEHHE  rA300EPA3H0r0  H  5KH/JKOrO 

yrjiEBOAOPO^Horo  ropio^Ero  b  ycjiobiwx 

BMCOKOCKOPOCTHEIX  B03,ZjyfflHbIX  IIOTOKOB  C  nOMOIIJbK) 
nOBEPXHOCTHOrO  CBH  PA3PflrZJA 

B.M.UIu6ko6,  JI.B.IIIudKoea,  A.A.Kapanee,  P.C.KoHcmaHmuHoecKuu 

®H3HHeCKHH  (|)ak'yjTbTeT  Mry  HMeHH  M.B.JIOMOHOCOBa,  MoCKBa,  Pocchh, 

Fhyaemie  npouecca  BOcnaaMeHemra  h  ropemra  yraeBoaopoaribix  CMeceii  b  ycaoBuax 
HH3KOTeMnepaTypHoir  naa3Mbi  BaacHo  xax  c  tohxh  3pemia  (jjyH^aMeHTajibHbix  HccaeAOBamiH 
MexaHH3MOB  h  khhcthkh  aTOMHO-MoaexyaapHbix  npeBpameHHH  npu  Haamimi  chjibhbix 
aaeKTpHuecKHx  noaeft,  Tax  h  c  tohkh  3peima  onTHMH3au;HH  naa3MoxHMHaecxiix  npopeccoB 
h  paaa  npuKaaaHbix  acnexTOB.  Oahoh  H3  Taxnx  npo6aeM  aBaaeTca  pa3pa6oTxa  (J)H3HHecxHX 
npuHunnoB  rHnep3ByxoBoro  npaMOToarroro  ABHraTeaa.  /(a a  yMem>meHna  npoAoabHoro 
pa3Mepa  npaMOTOHHoro  rnnep3ByxoBoro  ABnraTeaa  Heo6xoanMO  b  ycaoBuax 
BbicoxocxopocTHbix  noToxoB  o6ecneaHTb  6bicTpoe  oSxeMHoe  BocnaaMeHeHire 
yraeBoaopoaHoro  TonauBa.  ,Z)aa  3Toro  Heo6xoanMO  MaxcnMaabHO  coxpaTHTb  BpeMa 
HHHpHnpoBaHHa  BocnaaMeHeHHa. 

H3BecTHO,  hto  BOcnaaMeHeHHe  ropiOHHx  ra30o6pa3Hbix  CMeceii  mokct  6biTb 
peaan30BaH0  nan  H3-3a  HarpeBa  ra3a  ao  bbicoxoh  TeMnepaTypbi  (caMOBocnaaMeHemre),  nan 
H3-3a  HeTenaoBoii  HapaSoTxn  paanxaaoB  h  axTHBHbix  aacmu,  ocymecTBaaeMoii  BHemHHM 
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HCTOHHHKOM  3HeprHH.  HaXOaCHeHHe  MexaHH3MOB,  OTBeTCTBeHHBIX  3a  BOCnnaMeHeHHe 
ra30o6pa3Horo  TonnHBa  b  npHcyTCTBHH  HepaBHOBecHoii  nna3MBi  pa3paaa  npn  bbicokhx 
3HaneHHax  npHBeneHHoro  3neKTpHnecKoro  nona  aBnaeTca  ohhoh  H3  rjiaBHbix  peneft  pa6oTbi. 

MexaHH3M  OKHCJieHHa  yraeBOflopoflOB  B  ra30B0H  (})a3e  k  HacToameMy  BpeMeHH 
^ocTaTOHHo  xoporno  pa3pa6oTaH.  Ochobhoc  BHHMamie  yaenaeTca  MexaHH3MaM 
BoenjiaMeHeHHa  pa3JiHHHbix  ra30o6pa3HBix  ropiOHHx.  IIpH  stom  b  nonaBnaiomeM  HHcne 
pa6oT  paccMaTpHBajmcb  MexaHH3Mbi,  onpeaenaiomHe  BpeMa  HHayxpHH  cMeca  npn 
caMOBOcnjiaMeHeHHH.  OaHaxo  b  HaynHoll  jiHTepaType  yace  b  TeneHHe  hcckojibkhx 
^ecaTHjieTHH  o6cyacnaeTca  Bonpoc  o  noncKe  B03MoacHBix  cnoco6oB  3(})(})eKTHBHoro 
ynpaBJieHHa  npou,eccaMH  ropeHHa  c  noMombio  pa3JiHHHbix  (J)H3HHecKHx  bo3achctbhh  [1-3]. 
B  pane  pa6oT  npeanoaceHo  HHHpHHpoBaTB  HOH-MoneKyaapHBie  h  HOH-aTOMapHtie  peaxpHH  c 
noMombio  HH3KOTeMnepaTypHoii  ra3opa3paaHOH  nna3MBi. 

O^HaKo  k  HacToaipeMy  BpeMeHH  KHHeTHKa  BocnaaMeHemia  aaace  Taxon  aocTaTonHo 
npOCTOH  MOHeJltHOH  BOflOpOA-KHCJIOpO^HOH  CMeCH  B  yCJIOBHaX  HH3KOTeMnepaTypHOH 
njia3Mbi  ra30Boro  paapaaa,  cymecTByTomen  npn  bbicokhx  3HaneHHax  npHBeaeHHoro 
3JieKTpHHecKoro  nona,  ocTaeTca  He  ho  KOHija  acHOM.  IIoaTOMy  ana  6onee  rnyOoxoro 
nOHHMaHHa  (})H3HKO-XHMHHeCKHX  npopeCCOB,  npOTeKaiOmHX  npH  HHHHHHpOBaHHH 
BoenaaMeHeHHa  ra30o6pa3Horo  ropionero  c  noMombio  HH3KOTeMnepaTypHOH  nna3Mbi 
Heo6xoHHMo  Hapany  c  MaTeMaTHnecxHM  MoaeanpoBaHHeM  npoBoanTB  sxcnepHMeHTanBHBie 
HCcaeaoBaHHa  BanaHHa  ra30Boro  paapana  Ha  HHHijHHpoBaHHe  ropeHHa. 

B  naHHOH  pa6oTe  xpaTxo  paccMaTpHBaioTca  pe3yaBTaTBi  nccneaoBaHHH, 
BBinoaHeHHBix  3a  nocneaHee  BpeMa  Ha  (])H3HHecKOM  (jiaxyabTeTe  Mry  hmchh 
M.B.JIoMOHocoBa,  h  nocBameHHBix  H3yneHHio  HH3xoTeMnepaTypHoft  naa3Mbi  CBM  pa3paaoB 
b  HenoHBHacHOM  B03ayxe  h  b  CBepx3ByKOBOM  noTOKe  Boanyxa  h  B03ayiuHO-yraeBoaopoaHbix 
CMecefi  [4-17]. 

OKcnepHMeHTaabHaa  ycTaHOBxa  BxmonaeT  b  ce6a  BaKyyMHyio  xaMepy,  pecHBep 
BbicoKoro  naBaeHHa  B03ayxa,  pecHBep  BBicoKoro  aaBneHHa  nponaHa,  cncTeMy  naa 
CMeineHHa  nponaHa  c  B03ayxoM,  cncTeMy  aaa  co3aaHHa  CBepx3ByKOBoro  noTOxa, 
MarHeTpoHHBift  reHepaTop,  cncTeMy  HJia  BBoaa  CBM  THeprnn  b  xaMepy,  npaMoyroabHBift 
aapOHHHaMHHeCKHH  KaHaa,  BBICOKOBOnBTHBIH  HCTOHHHK  nHTaHHa,  CHCTeMy  CHHXpOHH3aii;HH 
h  HHamocTHHecKyio  annapaTypy.  Ochoboh  3KcnepHMeHTanbHOH  ycTaHOBKH  aBaaeTca 
OTKanHBaeMaa  MeTanniraecKaa  HHaHHapnaecKaa  SapoxaMepa,  xoTOpaa  oaHOBpeMCHHO 
cayacHT  xax  naa  oSecneneHna  Heo6xoaHMoro  aaBnemia  npn  nccneaoBaHHH  cbohctb  CBM 
paipaaoB  b  HenoHBHacHOM  ra3e,  Tax  h  aaa  co3aaHHa  CBepx3ByxoBoro  noTOxa,  a  Taioxe  b  poan 
pe3epByapa  aaa  BbixaonHbix  ra30B  h  npoayxTOB  ropeHHa.  BHyTpeHHHH  anaMeTp  BaxyyMHoft 
xaMepbi  paBeH  1  m,  ee  aaHHa  paBHa  3  m. 

CBepx3ByxoBoft  noTOK  co3aaeTca  npn  3anoaHeHHH  6apoxaMepbi  B03ayxoM  nepe3 
cneuHaabHO  npo<])HaHpOBaHHoe  conao  JlaBaaa,  paccnHTaHHoe  aaa  nncaa  Maxa  noTOxa  M=  2. 
Hctohhhkom  CBM  H3ayneHHa  cayacHT  HMnyabCHBiH  MarHeTpoHHBift  reHepaTop 
caHTHMeTpOBoro  anana30Ha  hjihh  BoaH.  MarHeTpOHHbm  reHepaTop  HMeeT  caeayiomne 
xapaxTepncTHKH:  aaHHa  BoaHbi  A=2.4  cm;  HMnyabCHaa  CBM  mohjhoctb  W<200  kBt; 
aaHTeabHocTB  HMnyabca  z=  1  -200  mkc;  cKBaacHocTB  Q=\  000.  BaxyyMHaa  cncTeMa  no3BoaaeT 
npoBOHHTB  3xcnepHMeHTBi  b  anana30He  aaBnemiH  B03ayxa  ot  10"  ao  10  Top. 

HccaeaoBaH  co3aaBaeMBiH  Ha  BHeumeH  noBepxHocTH  KBapueBon  aHTeHHBi  CBM 
pa3paa  npn  bbicokhx  aaBaeHHax  B03ayxa,  xoraa  nacTOTa  CToaxHOBemiH  saexTpOHOB  c 
MoaexyaaMH  MHoro  6oabme  KpyroBoii  nacTOTbi  3aexTpoMarHHTHoro  nona.  B  sthx  ycaoBHax 
noBepxHOCTHBiH  CBM  pa3paa  coctoht  h3  CHCTeMBi  tohkhx  naa3MeHHbix  xaHaaoB  c 
nonepenHBiMH  pa3MepaMH  0, 1-0,2  mm.  PfeyneHa  anHaMnxa  pa3BHma  noBepxHocTHoro  CBM 
pa3paaa,  npn  stom  H3MepeHBi  3aBHCHM0CTH  npoaoabHoro  pa3Mepa  pa3pana,  a  Taxace 
npoaoabHOH  cxopocTH  ero  pacnpocTpaHeHHa  ot  hohbohhmoh  CBepxBbicoxonacTOTHOH 
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MOHJHOCTH  H  /yiHTejIbHOCTH  B03AeHCTBH5I.  IIOKa3aHO,  HTO  B  HauajIbHOH  CTaAHH 
(J)opMHpoBaHHfl  paspa/ia  npoAOJibHaa  CKOpocTb  ero  pacnpocTpaHeHHa  AOCTMraeT  2-30  km/c 
h  npn  bbicokhx  ^aBjieHHax  B03Ayxa  p  >  30  Top  ochobhbim  MexaHH3MOM,  odecneuHBaiomHM 
pacnpocTpaHeHHfl  pa3pa^a,  aBJiaeTca  BOJiHa  npo6oa. 

HccjieAOBaHti  ra30AHHaMHuecKHe  B03MymeHH3,  B03HHKaK>mHe  b  oKpecTHocra 
^H3JieKTpHHeCKOH  aHTCHHBI,  Ha  BHeiHHCH  nOBepXHOCTH  KOTOpOH  co3AaeTca  CBH  pa3p»A  npH 
bbicokhx  AaBjreHHax  B03Ayxa.  riojiyneH  BpeMeHHoft  xoa  TeMnepaTypBi  ra3a  npn  pa3JiHHHbix 
3HaneHHflX  nOABOAMMOM  MOIHHOCTH  H  nOKa3aHO,  HTO  B  CTaAHH  (JlOpMHpOBaHHfl  pa3pa^a  npn 
aTMociJiepHOM  AaBjTeHHH  B03Ayxa  ra3  HarpeBaeTca  co  cxopocTBio  30-70  K/mkc. 
KoHu,eHTpau,Ha  aneKTpoHOB  b  njia3MeHHbix  KaHaaax  npn  aTMOCibepHOM  AaBJieHHH  He 

1  r  o 

npeBbimaeT  10  cm'  .  M3yueHa  3BOJiiou;Ha  y^apHbix  bojth,  B03HHKaioiu;Hx  b  ycjioBHax 
noBepxHOCTHoro  CBH  pa3pa^a  npn  pa3JiHHHbix  AaBJieHnax  OKpyacaiomero  ra3a, 
^BHTeabHocTax  B03AehcTBH5i  h  noABOAHMbix  k  pa3pa^y  MoipHocTax.  IIoKa3aHo,  hto  b6jth3h 
aHTeHHbi  CKopocTB  y^apHOH  BOJiHbi  ^ocraraeT  1  km/c. 

B  ycjioBHax  noBepxHOCTHoro  CBH  pa3pa^;a  b  HenoABHacHOM  B03Ayxe  peajiH30BaH0 
ObiCTpoe  njia3MeHHO-CTHMyjiHpoBaHHoe  BOcnjiaMCHCHHe  hchakhx  yraeBOAopoAOB.  IIoKa3aHO, 
HTO  B  3aBHCHMOCTH  OT  nOABOAHMOH  CBH  MOHJHOCTH  nepnoA  HH^yiCpHH  H3MeHaeTCa  OT  5  AO 
100  mkc,  BoenjiaMeHeHHe  nponcxoAHT  Ha  aHTeHHe  b  odnacTH  cymecTBOBaHHa 
noBepxHOCTHoro  CBH  pa3pa,na  npn  TeMnepaType  ra3a,  He  npeBbimaiomeH  1000  K,  CKopocTB 
pacnpocTpaHeHHa  nepeAHell  rpaHHHbi  odjiacm  HHTeHCHBHoro  ropeHHa  okojio  aHTeHHbi 
AocraraeT  300  m/c. 

HccaeAOBaHO  BJinaHHe  HepaBHOBecHoii  njia3Mbi  noBepxHOCTHoro  CBH-pa3paAa  Ha 
npopeccbi  BocnjiaMeHeHHa  cBepx3ByKOBoro  nponaH-B03AyniHoro  noTOKa  c  hhcjiom  Maxa 
M=  2  h  cnnpTa,  6eH3HHa  h  KepocHHa  b  ycaoBHax  ao-  h  CBepx3ByKOBoro  B03AyuiHoro  noTOKa. 

Pa6oTa  BbinojiHeHa  npn  (J)HHaHcoBoii  noAAep>KKe  POOH  (npoeKT  N°  08-02-01251), 
nporpaMMbi  11-09  IIpe3HAHyMa  PAH  h  CRDF  npoeKT  N°  RUP-1514-MO-06. 

INVESTIGATION  OF  INITIATED  MW  DISCHARGE  IN  AIRFLOW 
AND  ITS  MIXTURE  WITH  PROPANE 

D.  V.Bychkov,  L.P.Grachev,  I.I.Esakov,  A.A.Ravaev 
Federal  state  unitary  Enterprise  “Moscow  Radiotechnical  Institute  RAS” 

1 17519,  Moscow,  bvchvl@orc.ru 

Results  of  gas  electric  discharge  in  quasi-optical  linearly  polarized  MW  beam  are 
presented;  field  level  is  substantially  smaller  than  those  of  critical  breakdown  field. 

The  discharge  is  realized  by  tube  linear  electromagnetic  vibrator.  It  bums  in  a  stem 
area  of  the  vibrator  in  a  submerged  high-speed  stream  of  air  or  in  its  flammable  mixture  with 
propane.  The  stream  flows  into  a  hermetic  working  chamber  of  the  experimental  installation 
through  an  internal  hole  of  the  vibrator,  on  the  stem  end  of  which  a  short  quartz  tube  is  put  for 
a  stabilization  of  the  stream  parameters. 

Initially  we  determined  resonant  features  of  such  an  electrodynamic  initiating  system. 
They  were  carried  out  in  a  motionless  air.  At  that  we  determined  maximum  air  pressure  at 
which  its  breakdown  was  initiated  with  respect  to  a  length  of  the  vibrator. 

Main  experiments  were  carried  out  at  flow  velocities  in  a  range  of  some  hundreds 
meters  per  second.  During  them  we  made  exposure  of  a  discharge  area  and  measured  flow 
temperature  in  a  discharge  wake.  Experiments  have  shown  that  MW  discharge  realization  in 
air  is  possible  in  investigated  range  air  stream  velocity  range  at  the  field  level  by  several  tens 
of  time  smaller  than  its  critical  value.  Below  one  can  see  a  typical  photo  of  the  discharge.  The 
stem  end  of  EM  vibrator  is  shown  in  it.  EM  radiation  comes  to  it  from  above  and  a  vector  of 
its  electric  component  is  parallel  to  the  initiator  axis. 
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Fig.  1  Appearance  of  the  discharge 

Realized  discharge  ignites  and  stabilizes  a  combustion  area  of  a  lean  propane-air 
mixture  at  fuel  excess  coefficient  in  it  by  5  times  smaller  than  those  limiting  an  inflammation 
area  of  the  given  mixture  from  below. 

At  that  in  this  scheme  the  complete  propane  combustion  takes  place  at  flow  velocities 
smaller  about  200  m/s.  A  percentage  of  its  combustion  decreases  at  larger  velocities  of  the 
flow. 

Experiments  have  shown  that  stream  thermal  blocking  and  throttling  effects  are 
observed  at  flow  velocities  close  to  Mach  number  about  unity. 

HCCJIE^OBAHHE  HHHIJHHPOBAHHOrO  CBH-PA3P*IM  B 
nOTOKE  B03^YXA  H  ErO  CMECH  C  UPOIIAHOM 

ff.B.EbmKoe,  Jl.n.rpanee,  H.H.EcaKoe,  A.A.Paeaee 

Oe/iepajibHoe  rocyaapcTBeHHoe  yHirrapiroe  npeflirprorrae  «Mockobckhh  pa/uioiexHii uecKnit  HHCTHTyr  PAH», 

MocKBa,  Pocchh,  bvchvl@orc.ru 

npepcraBJiaiOTca  peayjibTaTbi  HCCJiepoBaHHa  ra30Boro  anexipHuecxoro  pa3pa,n,a  b 
KBa3HonTHuecKOM  jiHHenHo  nojispH30BaHHOM  CBH-nyuxe  c  ypoBHeM  nona,  cymecTBeHHo 
MeHbiiiHM  KpHTHuecKoro  npodoHHoro  ypOBHa.  Pa3pa,n,  MHUUMupyeTca  TpybuaTbiM  JiHHeiiHbiM 
ajieKTpoMarHHTHBiM  Bn6paTopoM.  Oh  ropHT  b  KopMOBoft  o6jiacTH  Bn6paTopa  B  3aTOnjieHHOH 
BbicoKOCKOpocTHon  CTpye  B03,nyxa  hjih  b  ero  roptoneii  CMecn  c  nponaHOM.  CTpya  HcrexaeT  b 
repMeTHHHyio  pa6ouyio  xaMepy  axcnepHMeHTanbHOH  ycTaHOBKH  H3  BHyTpeHHero  OTBepcraa 
BnbpaTopa,  Ha  KOpMOBoii  xoHeu,  KOToporo  pna  CTa6njiH3auHH  napaMeTpOB  noToxa  HapeTa 
xopoTxaa  KBappeBaa  Tpy6xa. 

nepBOHauajibHO  b  axcnepHMeHTax  onpepenajiHCb  pe30HaHCHbie  CBoiicTBa  TaKoii 
ajieKTpopHHaMHUeCKOH  CHCTeMbI  HHHpnapHH.  Ohm  npOBOPHJTHCb  B  HenopBHaCHOM  B03pyxe. 
IIpH  3tom  onpepejiaaocb  MaxcHManbHoe  paBJieHne  B03pyxa,  npu  xotopom  HHununpoBaaca 
ero  npodoii  b  33bhchmocth  ot  pjthhbt  BH6paTopa. 

OcHOBHbie  3KcnepHMeHTbi  BbinoaHajiHCb  npH  cxopocTax  noToxa  b  pnanaaoHe 
HecxoabXHx  cotch  MeTpoB  b  cexypny.  B  hhx  npoBopHjiacb  (JjoToperHCTpaupa  pa3papHoft 
odjiacTH,  h  H3Mepaaacb  TeMnepaTypa  noTOxa  b  cnyiHOM  cnepe  pa3papa.  OnbiTbi  noxa3anH, 
hto  b  HccnepyeMOM  puanaaoHe  cxopocTeii  noToxa  B03pyxa  bo3mo5kho  3a/xuraHue  b  hcm 
CBH-paapapa  npH  ypoBHe  nona,  b  Hecxoabxo  pecaTxoB  pa3  MeHbmeM  ero  xpuTuuecxoro 
ypoBHa.  Hii/xe  npuBepeHa  rannuHaa  (J)OTorpa(J)ua  paapapa.  Ha  Heir  noxa3aH  xopMOBofi  xoHeu 
3M-Bn6paTopa.  3M-H3JiyneHue  Ha  Hero  nocTynaeT  CBepxy  h  BexTOp  ero  anexTpHuecxoH 
cocTaBjiaromeu  napajuiejieH  och  HHupuaTopa. 

P eajiH3yiOH];HHca  paapap  nopacnraeT  h  CTa6HJiH3HpyeT  odnacTb  ropeHHa  SepHOH 
nponaH-B03pymHOH  CMecn  npu  K03(J)(J)HpueHTe  H36biTxa  roptouero  b  Heft  b  5  pa3  MeHbmeM 
3HaueHHa  3Toro  xoscfxjmpHeHTa,  orpaHuunBaiomero  CHH3y  30Hy  BoenjiaMeHeHHa  paHHoii 
CMecn.  npH  3tom  b  paHHoft  cxeMe  npn  cxopocTax  noToxa,  MeHbmux  npHMepHo  200  m/s, 
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npoHcxo^HT  nojiHoe  cropamie  nponaHa.  Ilpn  6oju>niHX  cxopocTax  npoqeHT  ero  cropamia 
yMeHbinaeTca. 

3KcnepHMeHTti  noxa3ajm,  hto  npn  cxopocTax  noToxa,  cooTBeTCTByiomHx  6jih3khm 
e^HHune  HHCJiaM  Maxa,  b  mhhoh  cxeMe  (jmxcnpyiOTca  acJxJteKTbi  TepMHuecxoH  6jiokhpobkh 
h  ApoccejinpoBaHHa  cTpyn. 

CHARACTERIZATION  OF  MICROWAVE-FIELD-ENHANCED 

FLAME  PROPAGATION 

Emanuel  S.  Stockman,  Sohail  H.  Zaidi,  Richard  B.  Miles 
Princeton  University,  Princeton,  NJ  08544 
Campbell  D.  Carter 

U.S.  Air  Force  Research  Laboratory,  Wright-Patterson  Air  Force  Base,  Dayton,  Ohio  45433 

and 

Michael  D.  Ryan 

Universal  Technology  Corporation,  Dayton,  Ohio  45332 

Microwave-field-enhanced  flame  propagation  was  quantified  in  a  laminar,  premixed 
CHVair  wall  stagnation  flat  flame.  Experiments  were  performed  in  a  high-Q  microwave 
cavity  with  the  cavity  tuned  so  that  the  maximum  microwave  field  strength  was  located  in  the 
vicinity  of  the  flamefront.  Equivalence  ratios  were  varied  between  4>=  0.6  and  0.8.  Laser 
diagnostics  were  performed  to  quantify  temperature  increase,  the  laminar  flame  speed 
enhancement,  and  changes  in  the  OH  radical  concentration  through  filtered  Rayleigh 
scattering,  particle  image  velocimetry,  and  planar  laser  induced  fluorescence,  respectively. 
Both  pulsed  and  CW  microwave  fields  were  employed,  and  in  both  cases  the  laminar  flame 
speed  was  observed  to  increase.  With  a  CW  microwave  field,  flame-speed  enhancement  was 
roughly  15%;  with  the  pulsed  field,  enhancement  was  less,  around  6%.  However,  the  average 
power  of  the  pulsed  microwave  field  was  only  30  W,  versus  1.3  kW  for  the  CW  field.  These 
measurements  indicate  that  microwave  radiation  may  prove  to  be  an  effective  means  to  non- 
invasively  control  and  enhance  flame  stability. 
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MIXING  AND  IGNITION  IN  HIGH-SPEED  FLOW  BY  LONG-SPARK 

DISCHARGE 

S.  B.  Leonov,  Yu.  I.  Isaenkov,  D.  A.  Yarantsev 
JIHT  RAS,  Moscow,  125412,  Russia 
A.  C.  Napartovich,  I.  V.  Kochetov 
TRINITI,  Troitsk,  Moscow  region,  Russia 

A  subject  of  consideration  is  the  dynamic  of  filamentary  pulse  discharge  generated 
along  contact  zone  of  two  co-flown  gases.  Experimental  facility  consists  of  blow-down  wind 
tunnel  PWT-50,  system  of  the  high-voltage  pulse-repetitive  feeding,  and  diagnostic 
equipment  (schlieren  device;  pressure,  voltage,  current,  radiation  sensors;  spectroscopic 
system;  etc.)  Typical  parameters:  p=0.2-lBar,  velocity  M=0-2,  pulse  duration  t=0.1-lus, 
power  release  W=20-100MW. 

Recently  the  effect  of  enormously  fast  turbulent  expansion  of  the  post-discharge 
channel  was  observed  experimentally  [1].  In  this  paper  a  result  of  parametrical  study  of  the 
mixing  efficiency  due  to  instability  development  are  discussed.  The  next  announced  item  is 
that  the  discharge  position  and  dynamics  depend  on  the  test  parameters  and  physical 
properties  of  gases  involved.  The  discharge  properties  are  described  for  air,  fuel,  and  reaction 
products  based  on  experimental  data. 

The  next  problem  encountered,  particularly,  in  modeling  plasma  of  inflammable  gases 
is  the  necessity  to  combine  approaches  of  high  non-thermal  plasma  kinetics  and  of  classic 
thermal  combustion.  Such  unification  was  made  by  the  authors  [2]  who  showed  numerically 
that  for  plasma  ignition  of  ethylene-air  mixture  within  a  reasonable  length  of  a  supersonic 
flow  rather  high  energy  input  per  mass  of  gas  flow  is  required  (about  210  J/g). 

We  anticipate  that  usage  of  non-uniform  (filamentary)  plasma  may  accelerate 
essentially  ignition  of  premixed  fuel  -  air  flows.  To  examine  this  assumption  the  model  was 
developed  for  burning  initiation  by  a  series  of  periodically  positioned  transverse  streamer¬ 
like  discharges  in  approximation  of  distributed  mixing  of  excited  and  non-excited  gas 
streams.  The  model  includes  simulations  of  the  discharge  of  a  small  radius  in  supersonic 
flow  of  ethylene-dry  air  mixture  with  followed  gradual  mixing  of  excited  gas  with  main 
flow.  At  mixing  time  t(mix)=100  and  t(mix)  =500us  the  required  reduced  energy  input  is 
about  40  J/g,  that  is  remarkably  lower  than  for  uniform  discharge. 

l.S.  Leonov,  oth.,  AIAA  Paper  2005-0159  and  S.  Leonov,  oth.  “Physics  of  Plasmas”,  v.15, 
2007 

2. Kochetov  I.  V.,  Leonov  S.  B.,  Napartovich  A.  P.,  High  Energy  Chemistry,  40,  94,  2006 

CMEIHEHHE  H  3A/KIirAHIlE  TOnJIHBA  B 
BBICOKOCKOPOCTHOM  nOTOKE  PA3PHAOM  b  OOPME 

^JIHHHOH  HCKPBI. 

C.E.JIeouoe,  IO.  11. HcaeuKoe, ,  l.  iAIpaiiuee  (OHBTPAH) 

A. 1 1.1  Ianap loiiii'i.  I  l.B.Ko'iei oh  (TPHHHTH) 

OOteKTOM  HccjieAOBaHna  aBjiaeica  ^HHaMHKa  HMnyjitcHoro  (JmjiaMeHTapHoro  pa3pa^a, 
reHepnpyeMoro  b^ojib  rpammbi  aeyx  ra30B.  3KcnepHMeHTajibHaa  ycTaHOBKa  co^epaaiT 
aopo^HHaMHuecKyio  Tpy6y  PWT-50,  bmcokobojibthbih  uMnyjTbCHo-nepuoAuuecKuu 
reHepaTop  h  H3MepHTejibHyio  cncreMy  (TeHeBbie  rnMepemia,  3jieKTpo(J)H3HHecKHe 
H3MepeHna,  onTHuecKue  H3Mepemis  h  tjj.)  XapaicrepHbie  napaMeTpti  3KcnepuMeHTa:  p=0.2- 
lBar,  CKopocTt  noTOxa  M=0-2,  /yuiTejibHOCTb  UMnyatca  t=0.1-lus,  HMnyjibCHaa  MoniHOCTt 
W=20-100MW. 
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npe^nojiaraeTca,  hto  ncnojrb30BaHne  Heo^Hopo^Horo  pa3pa^a  MoaceT  cymecTBeHHo 
ycKopHTb  3aacnraHHe  b  CMecH  TonnHBa  h  OKHCJinrejia.  B  padoTe  npnBeneHbi 
3KcnepHMeHTajibHbie  AaHHbie  h  pe3yjibTaTbi  pacneTOB  BpeMeHH  3aacnraHHa  h  Tpe6yeMon 
SHeprnn  npn  Hcnonb30BaHHH  nepnoOTHecKH  pacnonoaceHHbix  njia3MeHHbix  (J)HJiaMeHTOB. 
nojiyneH  cymecTBemibiH  (b  hcckojibko  pa3)  BbiHrpbiin  no  Tpe6yeMOMy  3HeproBKjia^y  no 
cpaBHeHHio  co  cjiynaeM  o,n,Hopo,n,Horo  n  paBHOBecHoro  HarpeBa. 

MEASUREMENTS  OF  THE  PARAMETERS  OF  PLASMA-INDUCED 
COMBUSTION  BY  DIODE  LASER  ABSORPTION  SPECTROSCOPY 

M.A.  Bolshov .  Yu. A.  Kuritsy nL  V.  V.  Liger,  V.R.  Mironenko 

Institute  for  Spectroscopy  RAS,  142190  Troitsk,  Moscow  reg.,  Russia 
S.B.  Leonov,  D.A.  Yarantsev 
Joint  Institute  for  High  Temperatures  RAS, 

125412,  Moscow,  Izhorskaya,  13,  bd.2  Russia 

The  tunable  diode  laser  (DL)  technique  for  remote  sensing  of  the  temperature  and 
water  vapor  concentration  of  a  hot  zone  is  developed.  The  technique  can  be  applied  to  the 
gaseous  objects  in  which  thermodynamic  equilibrium  is  established.  The  temperature  is 
evaluated  from  the  ratio  of  different  integrated  absorption  lines  a  tracer  molecule.  The  H2O 
molecule  was  used  as  the  tracer  in  our  experiments  because  the  water  vapor  is  one  of  the 
major  components  of  the  combustion  process.  The  following  absorption  lines  of  H2O  in  the 
1.39  pm  region  were  used:  7189.344  cm'1  (E"  =  142  cm'1),  7189.541  cm'1  ( E "  =  1255  cm'1), 
7189.715  cm'1  (E”  =  2005  cm'1).  The  choice  of  these  lines  was  dictated  by  the  pronounced 
difference  in  the  energies  of  low  levels,  which  is  of  critical  importance  for  the  developed 
technique.  Fast  tuning  of  a  single  DL  over  the  selected  spectral  range  rather  than  probing  of 
different  absorption  line  with  different  DLs  was  used  in  our  version  of  the  technique. 
Relatively  high  intensities  of  the  selected  lines  enabled  detection  of  the  direct  absorption.  The 
genuine  differential  scheme  of  the  absorption  intensity  and  algorithm  of  data  processing  were 
developed.  The  technique  has  been  used  for  detection  of  the  temperature,  total  pressure  and 
water  vapor  concentration  in  the  post-combustion  zone  of  the  experimental  facility.  The 
combustion  in  the  hydrogen  and  air  supersonic  (M=  2)  mixing  flows  was  initiate  and  sustained 
by  a  plasma  discharge.  In  the  hot  tail  of  the  combustion  zone  the  measured  temperature  was  ~ 
1050  K  and  the  water  concentration  ~  21  Torn  The  high  signal-to-noise  ratio  enabled  to 
obtain  the  temporal  profile  of  both  parameters  with  the  resolution  of  ~  1  ms.  The  precision  of 
the  temperature  evaluation  was  estimated  to  ~  40  K. 

^HCTAHIJHOHHOE  H3MEPEHHE  TEMnEPATYPbl  V/EAlEHHOrO 

OEbEKTA  METO^OM  /JJIC. 

IQ.A.Kvpuubiii.  M.A.Eojibuioe,  B.B.JIueep,  B.P.MuponeHKo. 

Y  Lipe>K^eHne  PAH  HHCTirryT  cneKTpocKoniiH  PAH, 

142190,  r.  TpoiiuK  Mockobckoh  o6ji.,  yn.  OiOHHecKaa,  5 
C.E.  Jleonoe, A.  B panned 
OHBT  PAH,  125412,  MocKBa,  Hacopcicaa  yn.,  13,  crp. 2 

C  Hcnojib30BaHHeM  a6cop6n;HOHHOH  cneKTpocKonnn  c  nepecTpauBaeMbiM  ^hoahuim 
na3epoM  pa3pa6oTaHa  MeTojinKa  H3MepeHna  TeMnepaTypbi  n  cojiepacaHHa  napoB  bojibi  b 
HecTapnoHapHOH  30He  ropeHna.  MeTO^mca  ocHOBaHa  Ha  H3MepeHHH  b  peacnMe 
CKaHHpoBaHna  jihhhh  norjiouieHna  MOJieKya  H2O:  7189.344  cm'1  (E"  =  142  cm'1),  7189.541 
cm'1  (E"  =  1255  cm"1),  7189.715  cm'1  (E"  =  2005  cm'1).  Bbidop  sthx  jihhhh  odycaoBJieH 
3HaHHTejibHOH  pa3HHn;eH  b  nojioaceHHH  hh/Khhx  ypoBHeii  nepexo^OB,  hto  npnHunnnajTbHO 
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BaacHo  Rjm  Bti6paHHOH  mctoahkh  H3MepeHH»  TeMnepaTypti  odbeKTa.  EbicTpaa  nepecTpoftica 
nacTOTbi  Jia3epa  ocymecTBjmiacb  nyTCM  H3MeHeHna  TOKa  MH/KeKnnn.  npH  nacTOTe 
MOAyJiapHH  TOKa  1  kTu;,  TeMnepaType  Jia3epa  25°C  h  H3MeHeHHH  HHaceKpnoHHoro  TOKa  b 
npe^enax  10-120  mA  nepecTpoihca  jxsmabi  bojihbi  cocTaBmna  ~  1.2  cm"1.  BbixoAHaa 
MomHocTt  Jia3epa  npn  stom  H3MeHajiacb  b  npe^enax  3-30  mBt.  Othochtcjibho  6ojibmne 

HHTeHCHBHOCTH  HCn0JIB30BaHHBIX  JIHHHH  nOrJIOIU,eHHa  II03B0JIHJIH  padoTaTb  b  pe>KHMe 
H3MepeHHa  npaMoro  nornomemra.  Pa3pa6oTaHbi  ^H^xJjepeHpHajitHaa  cxeMa  H3Mepemia 
HecTauHOHapHbix  cneKTpOB,  MCTOAHKa  nepBHHHoil  o6pa6oTKH  cneKTpOB  h  nojiynemni 
AaHHbix  o  TeMnepaType  n  KOHpeHTpapnn  H2O  b  30H^npyeM0H  o6jiacTH.  Ilpn  o6pa6oTKe 
Hcnojib30Bajiacb  nonroHKa  3KcnepnMeHTajibHbix  cneKTpOB  CHMyjinpOBaHHbiMH  Ha  ocHOBe 
cneKTpocKonHnecKHx  6a3  AaHHbTx.  Pa3pa6oTaHHaa  MeTOAHKa  onpo6oBaHa  Ha  npHMepe 
onpe^ejieHHa  napaMeTpoB  ropeHHa  boaopoahoto  TonjiHBa  b  ncnbiTaTejibHon  cckumh 
CBepx3ByKOBoft  aapoAHHaMHHecKoft  Tpy6bi  npn  cxopocTax  ra30Bbix  noTOKOB  M=2.  fljia 
oSjiacTH  ropanero  cjieaa  naaMeHH  nojiyneHbi  cpeAHee  3a  BpeMa  ropeHHa  (~50  mc) 
TeMnepaTypa  (~1 050  K)  h  napunajibHoe  AaBneHne  napoB  boabt  (~21  Topp).  Xopomee 
OTHOUieHHe  CHTHan/uiyM  n03BOHHJIO  nOJiyHHTb  BpeMeHHyiO  3aBHCHMOCTb  3THX  napaMeTpoB  c 
BpeMeHHbiM  pa3pemeHHeM  ~  1  mc.  OpeHeHHaa  tohhoctb  onpeAeneHna  TeMnepaTypbi 
30HAHpyeMOH  oSaacTH  cocTaBJiaeT  ~  40  K. 

PLASMA-ASSISTED  IGNITION  OF  ETHANE-OXYGEN  MIXTURES 

AT  MODERATE  PRESSURES 

P.N.  Sagulenko,  V.I.  Khorunzhenko,  I.N.  Kosarev 

Physics  of  Non-Equilibrium  Systems  Laboratory,  Moscow  Institute  for  Physics  and  Technology,  Moscow, 

Russia 

At  the  present  time  the  study  of  ignition  by  nonequilibrium  low-temperature  plasma  is 
an  actual  problem.  Previously,  it  was  shown  in  [1,2]  that  the  ignition  delay  time  in 
hydrocarbon-oxygen  mixtures  could  be  shortened  by  the  plasma  of  a  homogenous 
nanosecond  high-voltage  discharge  at  relatively  low  (<1  atm)  pressures  in  comparison  with 
autoignition.  For  many  applications  (internal-combustion  engines,  etc.),  it  would  be 
interesting  to  broaden  the  pressure  range  of  plasma-assisted  ignition  to  several  atmospheres 
and  tens  of  atmospheres.  Thus,  the  next  step  is  to  extrapolate  results  obtained  for  nanosecond 
discharge  ignition  to  higher  pressures.  A  new  installation  was  mounted  to  investigate  ignition 
process  at  relatively  high  pressures  (up  to  5 
atmospheres).  In  this  work,  ignition  in  a  C2H6:02  = 

2:7  mixture  at  1  atm  and  room  temperature  was 
studied.  To  initiate  combustion  two  types  of  a  one- 
pulse  nanosecond  discharge  were  used:  a  high- 
voltage  sliding  DBD  and  a  streamer  discharge  in  a 
“point-to-point”  geometry.  Ignition  experiments  with 
the  streamer  discharge  were  carried  out  in  the 
geometry,  which  is  similar  to  that  described  in  [3]. 

Generator  G5-15  was  used  to  obtain  both  types  of 
the  discharge.  The  pulse  duration  was  25  ns  at  half¬ 
height.  The  voltage  rise  time  was  5  ns  and  the 
amplitude  was  up  to  15  kV  in  the  cable. 

The  sliding  DBD  had  a  cylindrical  geometry  and 
was  initiated  between  the  high-voltage  central  bare 
electrode  and  grounded  ring  electrode  covered  with 


Fig.  1:  Example  of  experimental  results. 
Exposure  time  is  0.5  ps.  a)  -  side  view 
and  b)  -  top  view 
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dielectric  layer.  The  diameter  of  the  central  electrode  was  20  mm,  the  inner  diameter  of  the 
ring  electrode  was  20  mm  and  its  outer  diameter  was  25  mm. 

We  compared  two  regimes  of  ignition,  the  ignition  of  combustion  by  the  one-pulse 
DBD  and  by  the  streamer  discharge  in  the  “point-to-point”  geometry.  Series  of  images  were 
obtained  by  photographing  the  development  of  combustion  waves  with  a  high-speed  ICCD 
camera.  An  optical  system  of  mirrors  was  assembled  to  obtain  both  top-view  and  side-view 
images  simultaneously  in  one  shot  (see,  for  example,  Fig.  1).  The  LaVision  Ultra  Speed  Star 
ICCD  was  used  for  high-speed  photography.  This  camera  allows  to  take  12  photos  with  a 
minimal  exposure  time  of  0.5  s  and  a  minimal  time  of  1  s  between  . 

The  work  was  partially  supported  by  EOARD/CRDF  (Projects  RUP1-1513-MO-06). 

1.  I.N.  Kosarev,  N.L.  Aleksandrov,  S.V.  Kidysheva,  S.M.  Starikovskaia,  A. Yu.  Starkovskii, 
“Kinetics  of  ignition  of  saturated  hydrocarbons  by  nonequilibrium  plasma:  CH4- 
containing  mixtures”,  Combustion  and  Flame,  vol.  154  (2008),  pp.  569-586. 
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IIJIA3MEHHO  CTHMYJIHPOBAHHWH  IIO£5KHr  3TAH- 
KHCJIOPO^HOH  CMECH IIPH  CPE^HHX  ^AB.IEHHMX 

ILH.  Kocanea,  TI.H.  CazyjieHKO 
MoCKOBCKHH  <j>H3HKO-TeXHHHeCKHH  HHCTHTy  ,  MoCKBa,  PoCCHfl 

B  HacToamee  BpeMa  aBjiaeTca  aKTyaatHOH  3a^aua  HccjieAOBaHHa  uHuquauuu 
ropeHna  c  noMomtio  HepaBHOBecHoh  njia3Mbi  HaHOceicyrmHoro  pa3pa^a.  PaHee  [1,2]  6tmo 
npoAeMOHCTpupoBaHo  coKpaineiroe  BpeMemi  noAacnra  KucnopoA  -  ynieBOAopoAHbix  CMeceft 
roMOJiorHuecKoro  pa^a  npn  othochtcjibho  hh3khx  AaBJieHnax.  OAHaico,  AJia  SojibuiHHCTBa 
TexHHuecKHx  npujioaceHuu,  Taicux  xax  aBTOMo6Hjn>Haa  npoMbimjieHHocTt  h  aspoAHHaMHKa, 
npeACTaBJiaiOT  HHTepec  AaBJieHua  b  AecaTKH  aTMOC(])ep,  h  cjieAyioinMM  jioruuecKHM  maroM  b 
HccaeAOBaHHH  AaHHoro  Bonpoca  aBjiaeTca  u3yueHue  noAacnra  ropiounx  ra30Bbix  CMeceft  npn 
bbicokhx  AaBJieHnax.  B  AaHHoii  pa6oTe  6biJia  pa3pa6oTaHa  ycTaHOBKa  no  usyneHHio 
npoqecca  BocnjraMeHeHua  npn  cpeAHnx  AaBJieHnax  h  KOMHaTHoii  HanajibHoft  TeMnepaType. 
HccjieAOBajiocb  BoennaMeHeHne  3TaH-KHCJiopOAHOH  (2:7)  CMecn  npn  1  aTM  c  noMombio 
OAHHOHHoro  HMnyjibca  CKOJib3amero  HaHoceicyHAHoro  h  CTpnMepHoro  pa3paAOB  npn 
KOMHaTHoii  TeMnepaType.  DKcnepnMeHTbi  no  noAacnry  OAHHOHHbiM  CTpHMepHbiM  pa3paAOM 
npoBOAHJiHCb  b  reoMepTHH,  aHajioTHHHon  onncaHHoii  b  pa6oTe  [3]. 

06a  Tnna  pa3paAa  6biJin  nojiyneHbi  c  noMombio  reHepaTOpa  THH  T5-15. 
fljiHTejibHocTb  HMnyjibca  Ha  nojiyBbicoTe  cocTaBjiaeT  25  hc,  BpeMa  HapacTaHHa  HMnyjibca  -  5 
hc,  HanpaaceHne  b  jihhhh  -  ao  14  kB. 

CKOJib3amHH  pa3paA  3aacnrajica  MeacAy  BbicoKOBOJibTHbiM  orojieHHbiM  qeHTpajibHbiM 
3JieKTpOAOM  H  KOJIbU,eBbIM  3a3eMJieHHbIM  3JieKTpOAOM,  CKpbITbIM  nOA  CJIOeM  AH3JieKTpHKa  H3 
nBX,  TOJiinuHon  0.75  mm.  /InaMeTp  qeHTpajibHoro  3JieKTpoAa  cocTaBjiaeT  20  mm, 
BHyTpeHHHH  AHBMCTp  KOJIbU,eBOTO  SJieKTpOAa  -  20  MM,  BHemHHH  -  25  MM.  CpaBHHBaiOTCa 
peacHMbi  BocnjiaMeHeHHa  npn  HHunnupoBaHnn  ropeHna  ohhhhbim  cTpHMepbiM  pa3paAOM  b 
reoMeTpHH  «nrjia-HTJia»  h  CKOJib3ain;M  HaHOceKyHAHbiM  pa3paAOM.  Pe3yjibTaTbi  Sbijih 
nojiyneHbi  nyTeM  (j)OTorpa(j)npoBaHna  pacnpocTpaHeHna  bojihbi  BocnjiaMeHeHHa  c 
noMombio  BbicoKOCKOpocTHoii  II3C  KaMepbi.  OnranecKaa  cncTeMa  3epKan  no3BOJiaeT 
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o^HOBpeMeHHyio  cteMicy  pa3BHTH»  h  pacnpocpaHeHHs  bojih  ropeHna  cBepxy  h  c6oKy. 
HanpHMep  cm.  Phc.1.  cbcmkh  HcnojitsoBaaact  KaMepa  La  Vision  Ultra  Speed  Star  c 
B03M05KH0CTBK)  nOJiyueHHS  16  Ka^pOB  C  MHHHMajIBHBIM  BpeMeHeM  BBI^epaCKH  0.5  MKC  H 
MHHHMajibHbiM  BpeMeHeM  Meac^y  Ka^paMH  1  mkc. 


SYSTEM  FOR  PLASMA  ASSISTED  COMBUSTION  IN  AIR- 
HYDROCARBON  MIXTURES  BASED  ON  NONSTEADY  STATE 

PLASMATRON 


Yu.  D.  Korolev,  O.  B.  Frants,  N.  V.  Landl,  V.  G.  Geyman,  I.  A.  Shemyakin,  A.  A.  Enenko 
Institute  of  High  Current  Electronics  RAS,  Tomsk,  634055  Russia 


Currently,  the  plasma  assisted  combustion  systems  are  the  subject  of  a  great  interest  in 
a  low-emission  burning  technologies  [1].  This  paper  is  focused  on  research  of  such  a  kind  of 
technology  as  applied  to  gaseous  hydrocarbons  (methane,  propane,  and  natural  gas). 
Schematic  arrangement  of  a  system  is  shown  in  Fig.  1.  The  flame  control  is  provided  by 
means  of  so-called  nonsteady  state  plasmatron  [2],  A  gas  discharge  in  plasmatron  bums 
between  inner  electrode  1  and  outer  electrode  2  due  to  a  voltage  of  power  supplier  PS.  A 
vortex  gas  (in  general  case  an  air/fuel  composition)  flows  via  the  discharge  plasma  region  so 
that  the  plasma  torch  is  sustained  at  the  plasmatron  exit. 


air/fuel  mixture 


Fig.  1.  Schematic  arrangement  of  a  system  for  plasma  assisted 
combustion.  1  -  inner  electrode  of  a  nonsteady-state  plasmatron;  2  - 
grounded  outer  electrode  of  plasmatron;  3  -  combustion  chamber;  4  - 
unit  for  flue  gas  diagnostics;  5  -  auxiliary  windows. 


The  air/fuel 

composition  is  used  up 
partly  due  to  combustion 
process  directly  in  the 
plasmatron  nozzle.  The 
rest  of  the  composition 
bums  in  chamber  3  thus 
forming  the  torch  flame. 
Typical  gas  expenditures 
correspond  to  several 
grams  per  second.  Average 
electrical  power  dissipated 
in  the  plasmatron  is  about 
100  W  and  the  torch  flame 
power  is  determined  by  the 


gas  flow  velocity  and  a  fuel  calorific  value. 

One  of  the  subjects  of  the  investigation  is  to  elucidate  a  correlation  between  the 
regimes  of  discharge  burning  in  the  plasmatron  and  the  properties  of  the  torch  flame. 
Depending  on  the  gas  discharge  regimes  and  plasmatron  design,  the  conditions  of  complete 
hydrocarbons  combustion  and  partial  oxidation  with  obtaining  FL  and  CO  have  been 
demonstrated. 

Beside  that,  a  special  attention  has  been  devoted  to  investigation  of  the  nonsteady- state 
discharge  behavior  in  plasmatron.  The  operational  regimes  of  the  plasmatron  demands 
specific  rating  characteristics  of  the  power  suppliers  PS  for  the  discharge  sustainment.  Based 
on  the  results  of  the  discharge  investigations  the  prototype  of  power  supplier  PS  has  been 
constructed  and  tested.  These  data  are  also  presented  in  the  paper. 

The  work  was  supported  by  the  Russian  Foundation  for  Basic  Research  under  the 
Grants  No  08-08-00121  and  No  09-08-99063. 
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CHCTEMA  IIJIA3MEHHOrO  11  ( )TT F. P>K A HI1H  rOPEHHH  B 
CMECflX  B03^yXA  C  yrjIEBO^OPO^AMH  HA  OCHOBE 
HECTAIJHOHAPHOrO  njIA3MOTPOHA 

Kf.JJ.  Koponee,  O.E.  (Ppaiiu,  H.B.  Jlaudjib,  B.T.  Ichmuh,  H.A.  LUcmhkuh,  A.A.  Luchko 

Hhcthtyt  cHjTbHOTOHHoii  sneKTpoHHKH  CO  PAH,  Tomck,  634055  Poccna 

II.  E.  Mameeee 

Applied  Plasma  Technologies  McLean,  VA,  22101  USA 

B  HacToamee  BpeMs  npoaBjiaeTca  3HaHHTejibHbiH  HHTepec  k  cncTeMaM  nna3MeHHoro 
nouuepacaHHa  ropeHHa,  npiiMemiTejibHO  TexHoaornn  cacnraHHa  c  hh3koh  3mhcchch  [1],  B 
uaHHoft  cTaTte  npeucTaBjreHbi  pe3yjibTaTbi  HccjieuoBaHHH  TaKoro  Tima  TexHonornfi  ujia 
ra30o6pa3Hbix  yraeBO/iopo^OB.  CxeMaTimecKoe  H3o6paaceHHe  CHCTCMbi  npeucTaBJieHO  Ha 
pnc.  1.  YnpaBjieHHe  npoueccoM  nouztepacaHHa  njiaxieHn  odecneunBaeTca  TaK  Ha3biBaeMbiM 
HecTauHOHapHbiM  njia3MOTpoHOM  [2],  IlHTaHHe  parpaua  b  nnasMOTpoHe,  KOTopbiii  ropiiT 
Meacuy  BHyTpeHHHM  sjienpouoM  1  h  BHemHeM  sjieicrpouoM  2,  ocyiuecTBjiaeTca  hctohhhkom 
PS.  3aBHxpeHHbiH  ra3  (b  o6meM  cnynae  TonjiHBHO-B03uyiHHaa  CMeeb)  nouaeTca  b  odnacTb 
ra3opa3paAHOH  njra3Mbi,  3a  cueT  aero  Ha  Bbixoue  njra3MaTpoHa  nouuepacHBaeTca 
naa3MeHHbm  (Jiaiceji. 

MacTHHHoe  cacnraHHe  TonjiHBHo-B03AyuiHOH  cMecn  npoHcxouHT  3a  cneT  npouecca 
ropeHHa  HenocpeucTBeHHO  BHyTpH  conaa  njia3MOTpOHa.  OcTaTOK  cmcch  uoacnraeTca  b 
xaMepe  3,  3a  cneT  nero  (J)opMHpyeTca  (JiaKen  njiaMeHH.  TnnHHHbie  pacxoubi  ra3a 
cooTBeTCTByroT  HecKOJibKHM  rpaMMaM  b  ceicyHuy.  Cpe^Haa  sjieierpHHecKaa  moiuhoctb, 
pacceHBaeMaa  b  nimMOTpoHe,  cocTaBjiaeT  okojio  100  Bt,  a  moiuhoctb  (J)aKejia  njiaMeHH 
onpeuejiaeTca  CKopocTbio  noTOKa  ra3a  h  TenaoTBOpHOH  enoeodHOCTbio  TonjiHBa. 

OuHa  H3  3auan  HccjieuoBaHHa  coctoht  b  BbiaBjreHHH  cBa3H  Meacuy  peacHMaMH 
ropeHHa  pa3paua  b  njia3MOTpOHe  h  CBoiicTBaMH  cftaicejia  njiaMeHH.  B  3aBHCHMOCTH  ot 
peacHMOB  pa3pa.ua  h  KOHCTpyKUHH  njia3MOTpoHa  npoueMOHCTpHpoBaHbi  ycaoBna  nojmoro 
cropaHHa  yraeBOuopouoB  h  uacTHHHoro  OKHCJieHHa  c  nojiyueHneM  H2  and  CO. 

KpoMe  Toro,  oco6oe  BHHMaHHe  yueneHo  HccjieuoBaHHK)  noBeuemia 
HecTauHOHapHoro  paspaua  b  njia3MOTpOHe.  PeacHMbi  padoTbi  naa3MOipoHa  HarcjiaubiBaiOT 
oco6bie  Tpe6oBaHHa  k  napaMeTpaM  HCTOHHHKa  nHTaHHa  PS.  Ha  ochobc  pe3yjibTaTOB 
HCCJieuoBaHHH  parpaua  6biji  CKOHCTpyHpOBaH  h  ncnbiTaH  npoTOTHn  HCTOHHHKa  nHTaHHa  PS. 
3th  uaHHbie  Taicace  npeucTaBjreHbi  b  cTaTbe. 

PadoTa  nouuepacaHa  rpaHTaMH  POOH  N°  08-08-00121  h  N°  09-08-99063. 
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LIFTED  FLAME  SPEED  ENHANCEMENT  BY  PLASMA  EXCITATION 

OF  OXYGEN 

Timothy  Ombrello,  Sang  Hee  Won,  and  Yiguang  Ju 
Princeton  University,  Princeton,  New  Jersey,  08544 
ombreUp^princeton.  eel  a 

Skip  Williams 

Air  Force  Research  Laboratory,  Propulsion  Directorate,  WPAFB,  Ohio  45433 

Oxygen  containing  plasmas  produce  several  species  that  have  a  greater  oxidation 
potential  than  molecular  oxygen  in  its  3 1  ground  state.  These  species  include  O,  O3  and  O2  in 
metastable  excited  states,  namely  1 A  and  1S.  In  experiments  that  explore  the  enhancement  of 
combustion  processes  with  plasma,  it  has  been  difficult  to  isolate  the  various  enhancement 
mechanisms.  In  this  study,  two  oxygen  containing  plasma-produced  species,  O3  and  02(a' Ag), 
have  been  successfully  produced  in  a  microwave  plasma  and  isolated  in  the  afterglow, 
quantified  and  transported  to  C3H8  and  C2H4  lifted  flames.  Significant  kinetic  enhancement  by 
O3  and  (^(a'Ag)  were  observed  for  each  flame  by  comparing  flame  stabilization  locations 
with  and  without  the  plasma  generated  species.  Atmospheric  pressures  were  utilized  to 
investigate  the  effects  of  O3  and  showed  up  to  a  10%  enhancement  in  the  flame  speed  for 
1300  ppm  of  O3  addition  to  the  O2/N2  oxidizer  of  lifted  C3H8  flames.  Numerical  simulations 
showed  that  the  O3  decomposition  early  in  the  preheat  zone  of  the  flame  produced  O  which 
rapidly  reacted  with  C3H8  to  abstract  an  H  and  lead  to  OH  production.  The  subsequent 
reaction  of  the  OH  with  fuel  fragments  produced  H20  and  other  stable  species,  yielding 
chemical  heat  release  to  enhance  the  flame  speed.  The  effect  of  02(a1Ag)  was  studied  at  low 
pressure  (27  Torr)  and  was  isolated  by  adding  NO  to  the  plasma  afterglow  to  eliminate  O3. 
For  transport  times  on  the  order  of  one  second  in  the  presence  of  NO,  the  only  remaining 
oxygen  species  were  02(X3Ag)  and  02(a' A„).  Under  these  conditions,  the  enhancement  of 
02(3^)  could  be  studied  in  isolation,  becoming  an  ideal  source  for  combustion  experiments. 
It  was  found  that  02(a1Ag)  was  a  better  oxidizer  than  O2  by  significantly  enhancing  the 
propagation  speed  of  C2H4  flames.  The  present  experimental  results  provide  a  deeper 
understanding  of  plasma-assisted  combustion  and  a  progression  towards  detailed  plasma- 
flame  kinetic  mechanisms. 
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CROSS  SECTION  MODIFICATION  INFLUENCE  ON  COMBUSTION 

OF  AIR  -  PROPANE  MIXTURE 

S.A.  Kameshchikov,  V.A.  Chernikov. 

Moscow  State  University  of  M.V.Lomonosov,  physical  faculty 

There  were  made  experiments  of  propane  -  air  flow  combustion  optimization  by  cross 
section  square  leap.  Flat  rectangular  wall  of  various  heights  was  located  in  several  divisions 
of  channel  athwart  to  flow.  Linear  dimensions  of  wall  were:  15x23  mm2,  19x23  mm2,  24x23 
mm2  h  12x23  mm2.  Mixture  ignition  was  realized  by  two  plasma  sources:  magneto  -  plasma 
compressor  (MPC)  of  erosion  type  and  constant  current  cross  -  longitudinal  discharge  (CLD). 
Plasma  source  was  located  in  first  division  of  channel  in  area  after  cross  section  first  leap. 

Mechanism  of  rectangular  wall  influence  on  combustion  stability  and  intensity  was 
determined  for  several  longitudinal  coordinates  and  wall  heights.  It  was  discovered,  that  in 
case  of  CLD  plasma  creation  (pulse  width  was  1  s,  voltage  -  5  kV,  current  -  15  A)  existence 
of  cavern,  made  of  wall  and  first  leap,  causes  instability  of  combustion,  connected  with 
reverse  stream  velocity  oscillation  in  cavern.  Oscillation  of  pressure  (Fig.l)  and  signal 
intensity  of  photoelectron  detector  in  any  section  of  channel  were  indicators  of  combustion 
instability. 


Figure  1.  Influence  of  instability  on  space  distribution  of pressure  along  the  channel 

Cavern  height  increasing  led  to  breakdown  instability,  connected  with  cavern  pressure 
increasing,  that  led  to  growth  of  breakdown  voltage.  Rectangular  wall  replacement  to  distance 
of  30  sm  from  first  leap  (cavern  expansion)  led  to  effect  elimination.  Wall  influence  in  that 
case  is  expressed  just  in  creation  of  area  of  increased  pressure  and  concentration  of  mixture 
components  before  the  wall.  That  promotes  local  stabilization  of  combustion  in  the  end  of 
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first  division.  It  was  stated  that  negative  influence  of  the  wall  is  that  the  intensity  combustion 
of  1 .8  less  than  one  without  the  wall. 

Experiments,  devoted  to  investigation  of  influence  of  rectangular  wall  on  propane  -  air 
mixture  ignition  regime  were  made  with  using  of  MPC  (plasma  temperature  is  10  000  K, 
electron  concentration  ne=1016,  initial  power  -  7  mJ).  Plasma  active  area  combustion  is 
realized  while  major  mass  cooling  down  to  certain  temperature  is  taking  place.  Than  quick 
increase  of  chemical  reactions  velocity  takes  place.  Energy  of  molecules  dissociation  exerts 
major  influence  because  initial  temperature  of  plasma  is  too  high.  It  was  stated  that  ignition 
stability  decreases  when  rectangular  wall  is  placed  in  channel.  This  effect  can  be  explained 
while  analyze  of  video  camera  shoots  (Fig.2). 

Flow  of  the  hanging  shock  waves  on  the  front  and  back  edges  of  the  rectangular  wall 
leads  to  the  increasing  of  the  volume  of  the  active  area  and  to  the  additional  reduction  of  the 
concentration  of  the  reactive  elements.  This  leads  to  more  strict  requests  to  the  initial 
conditions. 


Figure  2.  Plasma  flow  of  the  rectangular  wall.  Exposition  time  -  5  ms. 
a)  Picture  after  the  graphic  working  b)  original  picture 

Analysis  of  space  profiles  of  pressure  showed  that  the  dominant  mechanism, 
influenced  on  the  time  of  induction  of  ignition,  is  the  change  of  conditions  of  the  propagating 
of  the  active  area  to  the  direction  of  the  flow.  It  leads  to  the  increasing  of  the  ignition  time. 
Linear  estimate  of  the  longitudinal  coordinate  of  the  volume  ignition  area  showed  the  increase 
from  2,5  m  to  4  m,  that  is  approximately  on  63%.  This  examination  helps  to  make  a 
conclusion  about  the  reasonability  of  the  sudden  shortening  of  the  channel  cross  section  for 
reduction  of  the  induction  time  of  the  volume  ignition  and  intensification  of  combustion, 
initiated  by  MPC. 

The  work  is  done  with  the  financial  support  of  the  complex  program  of  scientific 
investigations  of  the  Presidium  RAS  “Investigation  of  the  substance  in  the  extreme 
conditions”  Subprogram  2  “Fundamental  aspects  of  magneto  plasma  aerodynamic”. 

BJIHHHHE  MOJTMOMKAIIMM  CFHFHHfl  CBEPX3BYKOBOrO 
KAHAJIA  HA  EOPEHHE  BOJ^YIUHO  -  HPOnAHOBOH  CMECH 

C.A.  KcmemnuKoe,  B.A.  HepmiKoe. 

0H3HHeCKHH  (jmKyjIbTeT  Mry  HM.  M.B.  JIOMOHOCOBa. 

npOBe/jeHBI  3KCnepHMeHTaJIBHBie  HCCJie^OBaHHH  B03M0)KH0CTH  OnTHMH3aiJHH 
pe>KHMOB  ropeHHH  nponaH  -  B03AyniHoro  noTOKa  npn  noMomH  H3MeHeHHH  nonepenHoro 
ceneHHH  CBepx3ByicoBoro  KaHajia.  B  pa3JiHHHBix  cexijHHx  KaHajia  pa3MenjajiacB  HopMajiBHO  k 
HanpaBjieHHK)  noTOKa  njiocxaH  npHMoyrojiBHan  CTemca  pa3JiHHHOH  bbicotbi  c  jihhchhbimh 
pa3MepaMu:  15x23  mm  ,  19x23  mm  ,  24x23  mm  h  12x23  mm  .  BocnnaMeHemie  cMecn 
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ocymecTBjifljiocb  npn  noMomn  AByx  hctohhhkob  njia3Mbi:  MarHHTo  —  njia3MeHHoro 
KOMnpeccopa  3po3HOHHoro  rana  (MIIK)  h  npoAOJibHO  —  nonepenHoro  AyroBoro  pa3p>ma 
nocToaHHoro  TOKa  (nnP).  Hctohhhk  njia3Mbi  pa3Memajica  b  nepBoft  ceKijHH  KaHajia  b 
oSnacTH  3a  BHe3anHbiM  pacniHpeHHa  ceneHHa  (oSparabiM  ycTynoM). 

Onpe^eneH  MexaHH3M  BjmaHHa  npaMoyrojibHofi  ctchkh  Ha  y ctohhhboctb  h  Ha 
HHTeHCHBHOCTb  TOpeHHa  flJia  pa3JIHHHbIX  npOAOJIbHbIX  KOOp^HHaT  H  npH  pa3JIHHHOH  BbICOTe 
CTeHKH.  06HapyaceHo,  hto  npn  co3AaHHH  njia3Mbi  c  noMombio  nnP  (mnpHHa  HMnyjibca  - 
lc,  HanpaaceHHe  -  5kB,  tok  -  15  A)  namimie  KaBepHbi,  o6pa30BaHHOH  CTeHKoii  h  oSparabiM 
ycTynoM  KaHajia  Bbi3biBaeT  Hey  ctohhhboctb  ropeHHa  cBa3aHHoe  c  KOJie6amiaMH 
TaHreHunajibHOH  cocTaBJiaioiiieM  ckopocth  oOpaTHoro  TeneHHH  b  xaBepHe.  HHAHKaTOpOM 
nojiyHeHHOH  Hey ctohhhbocth  aBjiaioTca  KOJieSaHna  AaBjiemia  (pnc.1),  h  khtchchehocth 
cnraana  <D3Y  b  jho6om  ceneHHH  KaHaaa. 

IIpH  yBeaHHeHHH  BbicoTbi  KaBepHbi  noaBjiaeTca  npo6oifflaa  HeycTOHHHBocTb, 
CBa3aHHaa  c  yBejinneHneM  AaBJieHna  b  KaBepHe,  Bbi3biBaiOH];ee  B03pacTaHHe  npo6oMHoro 
HanpaaceHHa.  IlepeMemeHHe  npaMoyrojibHoii  CTeHKH  Ha  paccToaHHe  6ojiee  30  cm  ot  ycTyna 
(pacuiHpeHHe  KaBepHbi)  npHBOAHT  k  jiHKBHAaijHH  yKa3aHHbix  3(j)(J)eKTOB;  BJinaHHe  ycTyna 
CBo^HTca  k  co3AaHHio  o6jiacTH  noBbmieHHoro  AaBjieHHa  h  yBejiHHeHHio  KOHueHTpauMH 
KOMnoHeHTOB  ropioneH  CMecn  nepeA  ctchkoh,  hto  cnoco6cTByeT  jiOKajibHoii  CTa6HJiH3au;HH 
ropeHHa  b  KOHue  nepBoii  ceKUHH.  Bbuto  BbiacHeHo,  hto  OTpHuaTejTbHoe  BJinaHHe 
npaMoyrojibHoii  CTeHKH  cboahtch  k  TOMy,  hto  ropeHHe  npOTeKaeT  b  1.8  pa3  MeHee 
HHTeHCHBHO . 

BbinojiHeHbi  3KcnepHMeHTbi  no  HCCJieAOBaHHio  BJinaHHa  npaMoyrojibHoii  ctchkh  Ha 
peacHM  BocnjiaMeHeHHa  cBepx3ByKOBoft  nponaH  -  B03AyuiHon  CMecn  c  npHMeHeHHeM  MIIK 
(TeMnepaTypa  mia3Mbi  -  10  000K,  KOHii,eHTpaii;Ha  sjicktpohob  -  «e=1016,  moiahoctb  - 
B3pbiB  aKTHBHoii  o6jiacTH  njia3Mbi  ocymecTBjiaaca  npn  ocTbiBaHHH  ochobhoh  Maccbi 
oSjiacTH  AO  HeKOTopoil  TeMnepaTypbi  B3pbiBa,  npn  KOTOpoil  npOHexoAHJio  pe3Koe 
HapacTaHHe  ckopocth  xhmhhcckhx  peaicpHH.  TaK  KaK  HanajibHbiH  HarpeB  ocymecTBjiaeTca 
AO  TeMnepaTypbi  10  000  K,  to  pemaiomee  BJinaHHe  OKa3biBajia  3Heprna  AHceoijHaijHH 
MOJieKyji.  BbiacHeHo,  hto  ycTOHHHBocTb  BocnjiaMeHeHHa  cmuKaeTca  npn  BHeceHHH 
npaMoyrojibHoro  ycTyna  b  KaHaji,  nponcxoAHT  cyaceHHe  HHTepBajia  AonycTHMbix 
cooTHomeHHH  cTapTOBoro  pacxoAa  nponaHa  h  B03Ayxa.  3(j)(j)eKT  oObacHaeTca  npn  aHajiH3e 
CHHMKOB  CKOpOCTHOH  KaMepbl  (pHC.2). 

06TeKaHHe  BHcanax  cKanKOB  Ha  nepeAHeii  h  3aAHHx  KpoMKax  npaMoyrojibHoii 
CTeHKH  npHBOAHT  K  yBejIHHCHHK)  oObeMa  aKTHBHOH  oSjiaCTH  H  AOnOJIHHTejIbHOMy 
CHHaceHHio  KOHpeHTpapHH  pearnpyiomHx  BemecTB,  hto  HaKjiaAtiBaeT  6oaee  CTporne 
TpeOoBaHHa  Ha  HanajibHbie  ycjiOBHa.  AHajiH3  npocTpaHCTBeHHbix  npocJiHJieM  AaBJieHna 
nOKa3ajI,  HTO  AOMHHHpyiOmHM  MexaHH3MOM,  BJIHaiOIAHM  Ha  BpeMH  HHAyKAHH 
BocnjiaMeHeHHa,  aBJiaeTca  H3MeHeHHe  ycjiOBHil  nepeHOca  aKTHBHoii  oGjiacra  no 
HanpaBjieHHio  noTOKa,  hto  npHBOAHT  k  B03pacTaHHio  BpeMeHH  HHAyKijHH  BocnjiaMeHeHHa. 
JlHHeliHbie  ou;eHKH  npOAOJibHoil  KOOpAHHaTbi  oGjiacra  B3pbiBa  noKa3ajin  yBejiMHCHne  c  2,5  m 
AO  4  m,  T.e.  npHMepHo  Ha  63%.  IIpoBeAeHHbie  HccjieAOBaHHa  no3BOJiaioT  cAejiaTb  bbiboa  y 
u,ejieeoo6pa3HOCTH  BHe3anHoro  coKpameroia  ceneHna  KaHajia  ajih  yMeHbineHHa  BpeMeHH 
HHAyKijHH  oObeMHoro  BocnjiaMeHeHHa  nponaH  -  B03AyuiHoii  CMecn  h  HHTeHcniJjHKaLiHH 
HHTeHCHBHOCTH  rOpeHHH,  HHHHHHpOBaHHOrO  MarHHTO  -  nJia3MCHHbIM  KOMnpeCCOpOM. 

Pa6oTa  BbinojiHeHa  npn  (JjHHaHcoBoii  noAAepaoce  KOMnjieKCHoii  nporpaMMbi  HaynHbix 
HcejieAOBaHHH  IIpe3HAHyMa  PAH  «HccjieAOBaHHe  BemecTBa  b  SKCTpeManbHbix  ycjiOBHax» 
noAnporpaMMa  2  «  <J>yHAaMeHTajibHbie  acneKTbi  MarHHTonjia3MeHHOH  a3poAHHaMHKH» . 
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METHOD  OF  MICROWAVE  DISCHARGE  SUSTAINMENT  IN  A 
SYSTEM  FOR  HYDROCARBON  DECOMPOSITION  AND 
GENERATION  OF  CARBON  NANOTUBES 


Yu.  D.  Korolev,  O.  B.  Frants,  N.  V.  Landl,  V.  G.  Geyman 

Institute  of  High  Current  Electronics  RAS,  Tomsk,  634055  Russia 
A.  G.  Zerlitsyn,  V.  P.  Shiyan,  Yu.  V.  Medvedev 
Institute  of  Nuclear  Physics,  Tomsk,  Russia 


The  paper  deals  with  the  investigation  of  a  method  for  sustainment  of  high-power 
microwave  discharge  in  the  installation  for  natural  gas  decomposition.  The  previous 
experiments  had  demonstrated  that  the  microwave  discharge  plasma  with  a  power  level  of 
several  kW  and  frequency  of  2.45  GHz  served  as  efficient  medium  for  production  of  carbon 
nanotubes.  However,  there  is  a  problem  in  initiation  of  microwave  discharge  and  in 
subsequent  sustaining  of  the  microwave  discharge  plasma.  This  problem  has  been  solved  by  a 
usage  of  auxiliary  low-power  discharge,  which  generates  an  additional  plasma  in  the  area  of 
microwave  plasma  torch.  Different  types  of  auxiliary  discharges  have  been  investigated.  The 
experiments  show  that  most  suitable  for  the  usage  are  the  discharge  regimes  and  the  electrode 
system  designs  which  look  like  so-called  low-current  nonsteady  state  plasmatron  [1], 
Schematic  of  the  experimental  installation  equipped  with  a  unit  for  generation  of  auxiliary 

discharge  plasma  is  shown  in  Fig.  1. 

Gas 


Fig.  1.  Experimental  arrangement  for  sustainment  of  microwave  discharge  with  a  use  of  low-current  nonsteady- 
state  plasmatron  and  CCD  frame  of  the  discharge  in  plasmatron  with  exposition  time  of  30  ms. 

(a)  1  -  auxiliary  flange;  2  -  holder  of  plasmatron  cathode;  3  -plasmatron  cathode;  4  -plasmatron  anode 
(inner  conductor  of  coaxial  waveguide);  outer  conductor  of  coaxial  waveguide. 

(b)  (1  -3)  -different  positions  of  a  plasma  channel  in  nonsteady-state  plasmatron. 

The  microwave  power  is  delivered  via  the  rectangular  waveguide  and  the  coaxial 
waveguide.  The  electrode  system  of  the  auxiliary  plasmatron  is  inserted  in  the  reach-through 
hole  of  conductor  4.  The  designs  of  plasmatron  electrodes  can  provide  different  location  of 
the  plasma  channel.  The  sustainment  of  microwave  discharge  is  most  efficient  when  the 
plasma  channel  forms  outside  the  hole  of  electrode  4  (position  3  in  Fig.  2b).  The  paper 
presents  the  data  on  discharge  investigations  and  on  the  regimes  of  carbon  nanotubes 
production. 

The  work  was  supported  by  the  Russian  Foundation  for  Basic  Research  under  the 
Grants  No  08-08-00121  and  No  09-08-99063. 

1.  Yu.  D.  Korolev,  O.  B.  Frants,  N.  V.  Landl,  V.  G.  Geyman,  and  I.  B.  Matveev,  “Glow-to- 
Spark  Transitions  in  a  Plasma  System  for  Ignition  and  Combustion  Control,”  IEEE  Trans. 
Plasma  Sci.,  vol.  35,  no.  6,  pp.  1651-1657,  Dec.  2007. 
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METOA  nOAZJEP^CAHHfl  CBH  -  PA3PM/IA  B  CHCTEME  ^JIH 
PA3JI02KEHHH  yrJIEBO^OPO^OB  H  nOJIYHEHHil  yTJIEPO^HBIX 

HAHOTPyEOK 

IO. Kopojiee,  O.  E.  <I>panu,  H.  B.  Jlandjib,  B.  /.  reuMan 

HHCTHTyT  CHJIbHOTOHHOH  3JieKTpOHHKH  CO  PAH,  TOMCK,  634055  POCCHH 

1.  /.  sh'ep.iuiibin,  B.  P.  IIIuhh,  IO.  B.  Medeedee 

HHH  ilflepHOH  c[)H3MKH,  Tomck,  Pocchh 

B  CTaTte  HCCJieayeTCfl  mctoa  no,aep)xaHHJi  MomHoro  CBH  -  parpima  b  ycTaHOBKe  hjih 
pa3no*eHHa  npnpo^Horo  ra3a.  DxcnepHMeHTbi  noxa3ajiH,  hto  njia3Ma  CBH  -  pa3pa^a  c 
MOmHOCTBK)  OKOJIO  HeCXOJIbXHX  kBt  H  HaCTOTOH  2,45  ITu,  JIBJIfleTCfl  3(J)<J)eXTHBHOH  CpeflOH 
^jia  nojiyHemw  yrnepo^Hbix  HaHOTpy6oK.  O^Haxo  cymecTByeT  npodneMa  xax 
HHHpHHpoBaHHfl  pa3p>ma,  Tax  h  flajibHeiimero  no,zmep}xaHHfl  njia3Mbi.  3Ta  npodneMa  6bma 
perneHa  npn  noMomn  BcnoMoraTejibHoro  pa3pa^a  Marion  moihhocth,  co3,aaK>mero 
flonojiHHTejibHyio  nna3My  b  odrracTH  (Jiaxerra  CBH  -  paspa^a.  SxcnepHMeHTbi  noKa3biBaiOT, 
hto  HaH6onee  no,a;xoAaiu;HMH  rjisl  Hcnonb30BaHHs  aBjiaioTca  peacHMbi  pa3pa^a  h 
KOHCTpyKIIHH  3JieXTpO,Z],HbIX  CHCTCM,  CXO)XHe  C  Tax  Ha3bIBaeM  HeCTaUHOHapHbIM 
nna3MOTpoHOM  [1],  CxeMaTHHecxoe  H3o6pa>xeHne  ycTaHOBxn,  co  BCTpoeHHbiM  y3BOM 
reHepauHH  nna3Mbi  BcnoMoraTejibHoro  pa3pa^a,  npeacTaBJieHO  Ha  pnc.  1 . 

CBH  H3JiyneHHe  noABO^HTbca  nepe3  npaMoyronbHbiH  h  xoaxcnajibHbiH  bojihoboabi. 
3jiexipoflHaa  CHCTeMa  BcnoMoraTejibHoro  njia3MOTpoHa  BCTpoeHa  b  cxB03Hoe  OTBepCTHe 
ajiexTpoAa  4.  KoHCTpyxpna  aaexTpo^oB  njia3MOTpoHa  MoaceT  odecneunTb  pa3HHHHoe 
noaoaceHHe  njiasMeHHoro  xaHajia.  Handonee  3(JxJ)exTHBHO  no^AepacaHHe  CBH  -  pa3pa^a 
npoHcxo^HT  b  cjiynae,  xor^a  naa3MeHHbifi  xaHaa  (})opMHpyeTca  CHapyacn  oTBepcraa 
saexTpoaa  4  (nonoaceHne  3  Ha  pncyHxe  2b).  B  CTaTbe  npencTaBJieHbi  aaHHbie  no 
Hccae^oBaHHK)  pa3pa^;a  h  peacHMOB  nojiyueHua  yraepo^Hbix  HaHOTpy6ox. 

Pa6oTa  noaaep>xaHa  Pocchhcxhm  Ooh^om  OyimaMeHTanbHbix  HccjieaoBaHHH  b 
paMxax  rpaH^OB  N°  08-08-00121  h  N°  09-08-99063. 

METHANE  CONVERSION  IN  THE  IMPULSE-PERIODIC  DISCHARGE 

V.M.  Fomin,  A.I.  Lebedev,  K.A.  Lomanovich,  B.  V.  Postnikov 

Khristianovich  Institute  of  Theoretical  and  Applied  Mechanics  SB  RAS 
Institutskaya  str.,  4/1,  Novosibirsk,  630090,  Russia 

The  comparative  analysis  of  existing  methods  of  selective  hydrocarbons  conversion 
reveals  the  plasma  reactors  focused  on  certain  end-products  possess  such  doubtless 
advantages  before  chemical  as  simplicity,  compactness  and  the  low  price.  At  reception  of 
hydrogen  manufacture  cost,  in  view  of  investments  in  a  pyrolysis  reactor,  its  creation  and 
operation,  for  plasma  reactors  is  much  less  than  chemical  ones.  At  the  same  time  productivity 
of  catalytic  reactors  nowadays  remains  above  in  comparison  with  plasma  reactors.  Wide 
experimental  and  theoretical  work  applied  to  research  and  development  of  effective  natural 
gas  conversion  technology  used  various  power  sources  both  equilibrium  (thermal)  and 
nonequilibrium  low-temperature  plasmas  are  conducted  by  research  groups  worldwide. 

In  this  paper  results  of  experiments  on  conversion  of  natural  gas  (methane)  in  impulse- 
periodic  discharge  in  sub-  and  supersonic  streams  of  working  gas  are  presented.  Experiments 
on  methane  pyrolysis  in  the  surface  dielectric  barrier  discharge  (DBD)  in  a  range  of 
frequencies  of  following  high-voltage  millisecond  impulses  up  to  10  kHz  were  carried  out. 
DBD  streamers  visualization  has  shown,  that  in  comparison  with  air  in  methane  there  is 
significant  contraction  of  current  channels.  Chromatographic  analysis  of  reacted  gas  probes 
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captured  displayed  selectivity  of  pyrolysis  with  change  of  discharge  frequency  in  the 
atmospheric  DBD  on  end-products  is  less  expressed  in  comparison  with  one  in  bare-electrode 
discharge  at  average  and  low  pressure  at  comparable  energy  input  levels  (Fig.l). 


Fig.  /  -  Percentage  of  hydrocarbons  in  an  end-product  from  frequency  of  the  discharge  (atmospheric  barrier 
discharge  and  low  pressure  electrode  discharge); 

Fig.  2  -  Energy  input  in  supersonic  stream  M=3.5  in  a  test  section  of  a  reactor. 

In  a  supersonic  reactor  natural  gas  was  injected  from  pre-chamber  in  supersonic  nozzle 
(M=3.5)  in  a  pulse  mode.  The  flow  was  directed  in  preliminary  vacuumed  testing  section  to 
brake  the  stream  on  a  barrier  target  by  a  normal  shockwave  pattern.  Energy  was  supplied  in  a 
free  supersonic  jet  of  working  gas  between  an  outer  edge  of  the  axisymmetric  nozzle  and  the 
target  by  a  package  of  high-voltage  impulses  (Fig.2).  According  to  chromatographic  analysis 
change  of  the  period  of  following  impulses  influences  on  end-products  pyrolysis  selectivity, 
in  particular  acetylene  and  hydrogen. 

KOHBEPCHH  METAHA  B  HMHyJIbCHO-nEPHO^HHECKOM 

PA3PH£E 

Jlededee  A.H.,  .io.uauocuu  K.A.,  FIocmmiKoe  E.B.,  (Domuh  B.M 

HHCTHTyT  TeOpeTHHeCKOH  H  IipHKJia/iHOfi  MexaHHKH  HM.  C.A.  XpHCTHaHOBHHa  CO  PAH 
HHCTHTyTCKaa,  4/1,  r  Hoboch6hpck,  630090,  Pocchh 

Cp  aBHHTe  jibhbih  aHanH3  cymecTByroinnx  mctoaob  uejieBoh  KOHBepcHH 
yrneBOAopo^OB  noxa3biBaeT,  hto  njia3MeHHbie  peaxTopbi,  opHenmpOBaHHbie  Ha 
onpeAeneHHtie  xoHeuHbie  npo^yicrbi  odjia^aioT  TaKHMH  HecoMHeHHbiMH  npeuMymecTBaMH 
nepeA  xhmhhccxhmh,  xax  npocTOTa,  xoMnaxTHOCTb  h  HH3xaa  u,eHa.  Tax,  npn  nojiyuemiH 
BOAopo^a  cTOHMocTb  npoH3BOACTBa  c  yneTOM  BjioaceHHH  b  co3AaHHe  peaKTopa  h  ero 
3KcnjiyaTauHH  A-aa  njia3MeHHbix  peaxTopoB  Ha  nopaAOx  MeHbme,  ueM  xhmhhcckhx.  B  to  ace 
Bpevra  npoH3BOAHTejibHocTb  KaTajiHTHuecKHx  peaKTopoB  Ha  c ero ahjihihhh  achb  ocraeTca 
Bbime  no  cpaBHeHHio  c  njia3MeHHbiMH  peaicTopaMH.  B  HacToainee  BpeMa  BeAyTca  nmpoxHe 
3KcnepHMeHTajibHbie  h  TeopeTHuecKue  HccjieAOBaHHa,  HanpaBjieHHbie  Ha  co3AaHne 
3(j)(J)eKTHBHOH  TeXHOJIOTHH  KOHBepCHH  npHpOAHOTO  ra3a  C  HCn0Bb30BaHHeM  pa3BHHHbIX 
HCTOHHHXOB  XaX  paBHOBeCHOH  (TepMHHeCXOH),  Tax  H  HepaBHOBeCHOH  HH3XOTeMnepaTypHOH 
njia3Mbi. 

B  pa6oTe  npeACTaBjieHbi  pe3yjibTaTbi  axcnepHMeHTajibHbix  HccjTeAOBaHHii  no 
xoHBepCHH  npnpoAHoro  ra3a  (MeTaHa)  b  HMnyjibCHO-nepHOAHuecxoM  pa3paAe  b  ao-  h 
CBepx3ByxoBbix  noToxax  padouero  ra3a.  IIpHBeAeHbi  pe3yjibTaTbi  axcnepHMeHTOB  no 
nHpoaH3y  MeTaHa  b  noBepxHOCTHOM  dapxepHOM  pa3paAe  b  AnanasoHe  nacTOT  caeAOBaHHa 
BbIC OXOBO JlbTHblX  MHJTJTHCexyHAHbTX  HMnyjIbCOB  AO  10  xTu;.  Pe3yjTbTaTbI  BH3y BJIH3 aqHH 


35 


POSTER  SESSION  -  1  Papers 


CTpHMepoB  pa3pa^a  noxa3ajm,  hto  b  cpaBHemno  c  B03,nyxoM  b  MeTaHe  npoHcxo^HT 
xompaxproi  tokobbix  KaHanoB.  Pe3yjibTaTbi  xpoMaTorpa<J)HHecKoro  aHajiroa  npo6  ra3a  Ha 
BblXO^e  H3  o6jiaCTH  peaxpHH  ^eMOHCTpHpyiOT,  HTO  CejieKTHBHOCTb  nHpOHH3a  C  H3MeHeHHeM 
nacTOTbi  pa3p>ma  b  aTMOC(J)epHOM  SapbepHOM  palpate  no  xoHenHbiM  npo,n,yxTaM  MeHee 
BbipaaceHa,  b  cpaBHeHHe  c  cmkocthbim  3JiexTpoAHbiM  pa3pa^0M  cpe^Hero  h  HH3Koro 
^aBJieHHa,  npn  cpaBHHMbix  3HeproBXJia,n,ax  (pnc.1). 

B  cBepx3ByKOBOM  peaKTope  HHixexqHa  MeTaHa  b  cBepx3ByKOBoe  conno  (M=3,5) 
ocymecTBJiajiacb  H3  ([lopxaMepbi  peaxTOpa  b  HMnyjibCHOM  pemiMe.  HcTeneHne  nponcxoAHJio 
b  npe^BapHTejibHo  BaKyyMHpoBaHHyio  padonyio  nacTb  c  TopMoaceHHeM  noToxa  Ha  nperpa^e. 
no^Boa  3HeprHH  ocymecTBJiajica  b  CBodoflHyK)  CTpyio  padonero  ra3a  Mox/iy  xpoMxon 
ocecHMMeTpHHHoro  conna  h  nperpaAOH-MHmeHbio  naxeTOM  BbicoxoBonbTHbix  HMnyjibcoB 
(pnc.2).  IIo  ^aHHbiM  xpoMaTorpacJ^Hnecxoro  aHajiH3a  H3MeHeHne  nepnona  cne^OBaHHa 
HMnyjibcoB  oxa3biBaeT  BjiHSHHe  Ha  Hapa6oTxy  npo^yxTOB  nnpojTH3a,  b  HacTHocra  aperaneHa 
h  Bopopopa. 


ABOUT  LOW  TEMPERATURE  INFLAMMATION  OF  PROPANE  AND 

ACETALDEHYDE 

Bityurin  V.A.,  Bocharov  A.N.  and  Filimonova  E.A. 

OIVT  RAN,  Moscow 
e-mail:  helen@oivtran.ru 

Primordially,  the  interest  to  low  temperature  oxidation  (T-500-650  K)  of  fuel-air 
hydrocarbon  mixtures  was  associated  with  the  study  of  combustion  in  a  spark  ignition  engine 
(an  engine  knock)  and  diesel  engine  with  homogeneous  charge  (for  example,  nature  gas  with 
air)  [1,2].  The  visible  appearance  of  this  oxidation  is  the  fluorescence  of  formaldehyde 
(CH2O)  and  formyl  radical  (CHO)  with  the  wave-length  of  blue  spectral  region.  Since  in 
experiments  on  assisted  combustion  by  discharge  it  is  frequently  observed  the  blue  color  light 
emission  before  inflammation,  the  fast  propagation  flame  (200  m/s  and  more  [3-5],  laminar  or 
turbulent  combustion  transient  to  detonation),  then  for  that  phenomena  and  some  other  the 
multistage  ignition  in  discharge  systems  may  be  responsible. 

The  goal  of  given  work  (see  [6],  too)  was  to  construct  the  kinetic  model  including  a 
low  temperature  ignition  stage,  to  add  its  to  a  high  temperature  stage  of  propane-air 
combustion  mixture  and  to  simulate  with  a  point  of  view  the  temperature,  pressure  and 
composition  influence  on  initiation  of  the  cool,  blue  and  hot  flames.  The  source  of  heating 
and  primary  radicals  was  the  electrical  discharge.  As  for  now  the  calculation  of  inflammation 
process  was  carried  out  using  the  kinetic  code  [7]  for  the  constant  volume  condition  with 
taking  into  account  a  heat  emission.  The  cooling  of  walls  was  not  taken  into  consideration, 
and  the  influence  of  the  insufficiently  studied  decompositions  for  the  time  being  was  accepted 
in  some  reactions  just  approximately.  In  experiments  the  multistage  ignition  is  identified 
throughout  the  stepped  growth  of  pressure  and  light  emission.  In  calculations  the 
identification  of  those  flames  is  the  change  of  pressure  and  concentrations  of  the  key 
components. 

The  substance  causing  the  degenerate-branchy  feature  of  oxidation  propane  is  the 
intermediate  product  acetaldehyde  (CH3CHO).  Accept  acetaldehyde  the  active  component 
with  a  point  of  view  of  cool  flames  is  alkyl  hydroperoxide  C3H7OOH,  and  also  the  products 
of  CH3CHO  decay  such  as  CH3OOH  and  CH3COOOH.  Those  products  give  the  free  radicals 
easier  than  that  of  initial  substances. 

The  simulation  for  CH3CH0:02:N2  mixture  showed  at  the  fist  stage  the  peroxide 
decomposition  results  in  the  fast  heat  emission,  the  temperature  increase  at  100-200°  and 
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pressure,  abrupt  raising  of  OH 
concentration,  and,  as  a  consequence,  to 
H2O2  formation.  The  blue  flame  stage  is 
characterized  by  H2O2  decomposition  and 
further  rising  of  temperature  and  pressure. 

With  temperature  growth  the  conditions  for 
a  quick  chain  branching  and  OH 
concentration  increase  in  reaction 
H+02=0H+0  completing  by  a  hot 
inflammation  at  third  stage  are  created. 

The  similar  results  have  been  obtained  in 

[8], 

The  longest  phase  of  multistage  ignition  is  an  induction  time  of  cool  flame  appearance. 
If  to  reduce  that  time  owing  to  discharge  impact  in  a  closed  volume  then  it  will  be  able  to 
organize  the  quick  and  virtually  simultaneous  mixture  inflammation  over  the  volume.  There 
are  some  experimental  data  demonstrating  that  the  insertion  of  radicals  for  example  due  to 
discharge  lowers  the  intensity  of  cool  flame  down  to  disappearance  of  it,  and  can  sharply 
reduce  the  induction  time  [1], 

To  determine  the  radical  influence  as  a  products  of  discharge  operation  such  as  O  and 
H  atoms  and  CH3  radical,  the  modeling  for  7%CH3CHO+20%O2+73%  N2  mixture  at  To=550 
K,  Po=1500  Tor  were  executed.  The  initial  radical  concentration  was  chosen  to  be  equal  200 
ppm.  The  results  of  preliminary  calculations  showed  the  radicals  indicated  above  reduce  the 
induction  time  of  cool  ignition  (without  radicals  induction  time  was  equal  to  0.18  s), 
conserving  the  duration  of  second  and  third  stages  the  unchanged.  As  a  result  the  total 
induction  time  becomes  smaller  (without  radicals  the  total  induction  time  was  equal  to  0.53  s). 
Especially  it  is  noticeably  at  the  presence  of  O  atom  when  the  induction  time  diminishes  to 
almost  zero.  The  results  for  the  last  case  are  presented  in  figure:  “1”  is  no  radicals,  “2”  is  with 
O  radical. 

In  future  it  is  supposed  to  perform  more  detail  study  of  the  role  of  low  temperature 
inflammation  at  the  conditions  of  plasma  assisted  combustion  in  the  gaseous  mixture  flows. 
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K  BOnPOCY  O  HH3KOTEMIIEPATyPHOM  BOCIIJIAMEHEHHH 
IIPOIIAHA  H  AI^ETAJIb^ErH^A 

Eumwpun  B.A.,  Eouapoe  A.H.  d>wiuMOHoea  E.A. 

OHBT  PAH,  MocKBa 
e-mail:  helen@oivtran.ru 

IftHanajitHO  HHTepec  k  HH3K0TeMnepaTypH0My  okhcjichhio  (T  ~  500-650  K) 
TonjiHBHo-B03AyuiHbix  yraeBoaopoaHbix  cMeceft  dbia  cBa3aH  c  u3yueHueM  ropeHna  b 
^BHraTenax  BHyTpeHHero  cropaHna  (TaKoe  aBJieHne,  Rax  CTyi<  b  asHraTeae)  h  aroeabHbix 
ABuraTeaax  c  roMoreHHbiM  3apaaoM  (HanpnMep,  npnpoaHbin  ra3  c  B03ayxoM)  [1,2]. 
BHemHHM  npoaBJieHneM  Taicoro  OKHCJieHna  aBJiaeTca  ([unoopecueHUMa  (JjopMaabaernaa 
(CH20)  h  ([topMujia  (CHO),  HadaioaaeMaa  b  bh^hmom  anana30He  anHH  bojth  b  cuHeii 
odnacTH  cneKTpa.  FIocKOJibKy  b  axcnepuMeHTax  no  CTHMyanpOBaHHOMy  pa3paaoM  ropeHHio 
uacTo  HadaioaaeTca  cBeueHue  roaydoro  pBeTa  nepea  BbicoicoTeMnepaTypHbiM 
BOcnjiaMeHemieM,  dbicrpoe  pacnpocTpaHeHne  njiaMCHH  (200  m/cck  h  doabine  [3-5], 
jiaMUHapHoe  (TypdyaeHTHoe)  ropeHue,  nepexoaamee  b  aeTOHaipno),  to  3a  3th  aBjieHua  h 
HexoTOpbie  apyrne  mokct  6bitb  otbctctbchho  MHorocraannHoe  BoenjiaMeHeHne  b 
pa3pa^Hbix  cHCTeMax. 

U,ejibio  aaHHoii  padoTbi  (cm.  Taioxe  [6])  6bijio  nociponTb  KHHeTHuecKyio  Moaeab, 
BKjTtouaiomyK)  HH3KOTeMnepaTypHyio  CTaanio  BocnaaMeHeHna,  aonoaHHTb  eio 
BbicoKOTeMnepaTypHyio  CTaamo  ropeHua  nponaHO-B03ayuiHoii  CMecu  h  npoBecm 
MoaeabHbie  pacueTbi  c  tohkh  3peHua  BauaHua  TeMnepaTypbi,  aaBaeHna  h  cocTaBa  Ha 
B03HHKHOBeHHe  xoaoaHoro,  roaydoro  h  ropanero  naaMeHH.  Hctohhhkom  Tenaa  h 
nepBHHHbix  paauKaaoB  aBaaeTca  3aeKTpuuecKuu  paapaa.  PacueTbi  npouecca  BocnaaMeHeHHa 
Ha  3tom  3Tane  npoBoauaucb  c  noMombio  KMHeTHuecKoii  nporpaMMbi  [7]  ana  ycaoBHa 
nocToaHHoro  odbeMa  c  yueTOM  TenaoBbiaeaeHHa.  Oxaaacaeime  cTeHKaMH  He  yunTbiBaaocb,  a 
BauaHHe  HeaocTaTOHHO  H3yHeHHoro  Ha  ceroaHa  pa3aoaceHna  nepeKHceii  Ha  CTeHxax  yureHO 
b  HecKoabKHx  peaxunax  jihiiib  npHdaH3HTeabHo.  B  3KcnepuMeHTax  MHorocTaaHHHoe 
BOcnaaMeHeHHe  MacHTncliMunpyiOT  no  CTyneHuaTOMy  npnpocTy  aaBaeHua  n  no  CBeuemno. 
HaeHTH(])HKan;HeH  naaMeH  npn  pacueTax  cayacnT  H3MeHeHne  aaBaeHna  n  KOHiteHTpannn 
KaiOHeBbIX  KOMnOHeHTOB. 

BemecTBOM,  odycaaBUHBaioutHM  BbipoacaeHHo-pa3BeTBaeHHbiH  xapaicrep  oKncaeHna 
nponaHa,  aBaaeTca  npOMOKyTOHHbiH  npoayxT  -  aneTaabaerna  (CH3CHO).  KpoMe 
aneTaabaernaa  aKTHBHbiM  KOMnoHeHTOM  c  tohkh  3peHna  o6pa30BaHna  xoaoaHbix  naaMeH 
aBaaeTca  aaKnarnaponepeKHCb  C3H7OOH,  a  Taioxe  npoayxTbi  pacnaaa  CH3CHO,  Taxne  xax 
CH3OOH  h  CH3COOOH.  3th  npoayKTbi  npn  aaabHenniHX  npeBpanjeHnax  aaiOT 
CBodoaHbie  paaHKaabi  aerue,  ucm  ncxoaHbie  BemecTBa. 

PacueTbi,  npoBeaeHHbie  ana  cMecn  CH3CH0:02:N2,  noKa3aan,  hto  Ha  nepBofi  cTaaHH 
pa3aoaceHHe  nepeKHceii  npHBoaHT  k  dbiCTpoMy  BbiaeaeHmo  Tenaa,  pocTy  TeMnepaTypbi  Ha 
100-200°  n  aaBaeHHio,  pe3KOMy  noateMy  KOHiteHTpannn  OH,  h,  xax  caeacTBne,  -  k 
o6pa30BaHHK>  nepexHcn  H202.  Cuanna  roaydoro  naaMeHH  xapaicrepH3yeTca  pa3aoaceHHeM 
H202  h  aaabHeiimHM  noateMOM  TeMnepaTypbi  h  aaBaeHna.  C  poctom  TeMnepaTypbi 
co3aaiOTca  ycaoBHa  ana  dbicrporo  pa3BeTBaeHna  uenn  h  yBeanueHna  KOHneHTpaunn  OH  b 
peaKpHH  H+02=0H+0,  3aBepmaioni;eroca  ropaunM  BocnaaMeHeHHeM  Ha  TpeTben  CTaaun. 
AHaaorHHHbie  pe3yabTaTbi  6bian  noayueHbi  b  padoTe  [8], 


38 


POSTER  SESSION  -  1  Papers 


CaMbiM  .qjiHTejTbHbiM  (})a30H  MHorocTaAHHHoro  BocnnaMeHeHHa  aBjiaeTca  BpeMa 
HH^yKIIHH  B03HHKH0BeHHB  XOJIO^HOrO  IIJiaMeHH.  ECJIH  COKpaTHTb  3TO  BpeMa  3a  CHeT 
B03AeftcTBHa  pa3pa^;a  b  3aMKHyTOM  ofiteMe,  to  mo>kho  opraHH30BaTb  6bicTpoe  h 
npaKTHnecKH  o^HOBpeMeHHoe  BOCiuiaMeHCHHe  cmcch  bo  bccm  o6beMe.  Ectb  HeKOTOpbie 
3Kcnepi3MeHTajibHbie  .qaHHBie,  hto  BBe^eHHe  pa^HKanoB  3a  cueT,  HanpHMep,  pa3pa^a, 
CHHacaeT  khtchcmbhoctb  xojioahoto  naaMeHH,  biijiotb  ao  ero  ucneiHOBCHMa,  h  mokct  pe3KO 
COKpaTHTB  BpeMa  HUZjyKIJHH  [1], 

,ZJjia  onpe^eaeHHa  BjmaHHa  paam<aaoB  -  npo^yKTOB  aeMcTBHa  pa3paaa,  tbkhx  Kai< 
aTOMBi  O,  H  h  pa^HKana  CH3,  6bijih  npoBe^eHBi  pacueTBi  .qua  CMecn 
7%CH3CHO+20%O2+73%  N2,  To=550  K,  Po=1500  Top.  HauajibHaa  KOHueHTpauna  6biJia 
BBi6paHa  paBHoii  200  ppm.  Pe3yjiBTaTBi  npe^BapHTejiBHBix  pacueTOB  noKa3ajiH,  hto 
yKa3aHHBie  Bbime  pa^Hicajibi  yMeHBmaiOT  BpeMa  HHayKUHH  xojioaHoro  BOcnjiaMCHeHMa 
(6bijio  0.18  c),  ocTaBaaa  jpmTeaBHocTB  BTopofi  h  TpeTBeft  cTa^HH  HeH3MeHHOH,  h,  kbk 
pe3ya&TaT,  cyMMapHoe  BpeMa  KHnyioiMH  CTaHOBHTca  MeHBme  (6bijio  0.53  c).  Ocofiemio  3to 
3aMeTHo  rjw  aTOMa  O  (BpeMa  HH^yKpHH  xoao^Horo  BocnnaMeHeHHa  yMeHBmnaocB  nonra  ,no 
Hyaa).  flua  stoto  cayaaa  pe3yaBTaTbi  pacaeTa  npHBeaeHBi  Ha  pncyHKe:  “1”-  HaaaabHaa 
KOHpeHTpapna  pa^HKaaoB  paBHa  Hyaio,  “2”  -  HaaaabHaa  Aoaa  aTOMOB  KHcaopo^a  paBHa 
0.01%. 

B  AaabHeHiireM  npeAnoaaraeTca  npoBecra  6oaee  AeTaaBHoe  nccae^oBaHHe  point 
HH3KOTeMnepaTypHoro  BOcnaaMeHeHHa  b  ycaoBHax  naa3MeHHoro  CTHMyanpOBaHHa  ropeHHa 
b  noTOKax  ra30B03AyuiHBix  cMeceft. 


NUMERIC  ALGORITHM  FOR  COMBUSTION  MODELLING 
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. 

fi  •  •=!=•  :j:j  •  ft  •  i:j:-  - 
* 


The  combustion  processes  in  gas  flows  attract  an  interest  due  to  different  practical 
implementations  as  well  as  possibility  of  testing  of  any  existing  kinetic  schemes  and  transport 
properties. 

For  numeric  modelling  this  task  is  difficult  due  to  multiple 
reasons  [1,2].  There  are  the  large  number  of  chemical  components, 
stiffness  of  chemical  kinetic  equations,  difficulties  of 
multicomponent  diffusion  calculation  and  others.  The  equations  to 
be  solved  are  strongly  coupled  each  other  because  of  sharp 
temperature  dependence  of  chemical  kinetic  rates,  large  heat 
releasing  and  large  varying  of  mixture  molecular  weight.  These 
conditions  require  the  considerable  computing  power  as  well  as 
developing  of  special  implicit  or  semi-implicit  numeric  algorithms. 

The  separate  task  is  the  developing  algorithms  appropriate  for 
effective  parallelizing  on  computers  cluster. 

This  work  is  devoted  to  numeric  modelling  of  laminar 

hydrogen  -  oxygen  combustion  in  flat  2D  geometry  (see  Fig.  1)  in 

the  framework  of  stationary  system  of  multicomponent  ,  _  , 

,  ,  .  .  .  ...  ...  Fig.  1.  The  burner 

hydrodynamic  equations  ( 1  )-(4) :  outline. 


FT 


O: 


O: 


(V/9V)  =  0 

(V/?v)y  +  Vp-(Vr/V)\  =  0 


(1) 

(2) 
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Here  p  is  gas  density,  v  is  mass-average  velocity,  p  is  pressure,  tj  is  dynamic  viscosity,  s  is 
mass  density  of  internal  energy,  Z  is  heat  conductivity,  T  is  temperature,  ht  is  mass  density  of 
enthalpy  of  z-th  component,  J,=(J„,/Z,)  is  diffusion  mass  flow  of  z-th  component,  c,  is  mass 
fraction  of  z-th  component,  Wt  is  chemical  source  term,  m  is  chemical  components  number. 

The  equation  system  (l)-(4)  have  been  solved  by  relaxation  algorithm.  This  implicit 
full  approximation  algorithm  is  based  on  process-splitting  techniques  and  is  the  result  of 
developing  of  numerical  scheme  [3],  The  numeric  scheme  is  conservative  on  relaxation  and 
uses  variables  p,  T,  pw,  pc,.  All  of  equations  are  solved  independently  by  upper  relaxation  in  Z 
direction  with  Thomas  algorithm  along  X  direction  without  any  additional  internal  iterations. 
The  solution  technique  for  components  continuity  equations  and  energy  balance  equation  is 
the  same  with  [3,  4],  At  the  solving  of  equations  (2)  the  direct  correction  of  flow  solenoidality 
occurs  by  continuity  equation  (1).  The  pressure  is  calculated  from  parabolic  equation  obtained 
by  divergence  taking  of  equation  (2).  The  advantage  of  this  method  of  hydrodynamic 
equations  solution  [4]  is  the  almost  full  absence  of  stray  acoustic  waves  on  relaxation,  which 
may  reduce  the  solution  convergence. 

The  algorithm  developed  combines  calculation  efficiency  of  separate  iteration  with 
rather  fast  convergence  of  iterations.  The  important  algorithm  advantage  is  its  adequacy  for 
effective  parallelizing  by  domain  decomposition  on  multi  -  computing  cluster  with  MPI 
technique.  The  domain  is  dividing  along  Z  axis  to  flat  bars  which  are  parallel  to  X  axis.  By 
the  using  of  upper  relaxation  in  Z  direction,  it  is  convenient  to  translate  the  data  through 
subdomains  boundary.  The  translated  data  amount  is  0{Nx)«NxNz,  where  NXNZ  is  the  total 
nods  number,  which  provide  high  parallelizing  efficiency. 


Fig.  2  Temperature  profile,  K. 


Fig. 3.  Relative  pressure  profile,  Pa. 


The  calculation  occurs  for  equal  input  velocities  of  H2  and  O2  5  m/s  with  initial 
temperature  300  K  at  pressure  1  atm.  The  hydrogen  is  supplying  throw  0.5mm  nozzle.  The 
dimension  of  calculation  area  is  5x5mm.  The  stationary  solution  is  achieved  after 
approximately  103  global  iterations.  The  calculated  fields  of  temperature  and  relative  pressure 
are  shown  on  Fig  2,  3. 
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In  the  case  of  relatively  rare  calculation  grid  with  100x100  nods,  the  calculation 
consume  approximately  5-15min.  on  single  Pentium-3. 2GHz.  In  the  case  of  more  dense  grid 
with  1000x1000  nodes,  which  is  necessary  for  combustion  front  resolution,  the  task  is  solved 
on  multi  computers  cluster  IPMech-2  contains  32  double-core  computers  Pentium-3. 2GHz. 
Up  to  50  processors  had  been  used  in  calculations.  At  calculation  on  16  processors  the 
parallelizing  efficiency  70%  is  achieved.  With  processors  number  increasing  the  efficiency 
drops  due  to  network  exchange  slowness. 
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HHCJIEHHMH  AJirOPHTM  MO^EJIHPOBAHHJI  TOPEHHJI 
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npoueccbi  ropeHna  b  cnyrabix  h  npoTHBOTOHHbix  noTOxax  npHBaexaiOT  HHTepec 
Hccjie/ioBaTejieH  xax  c  tohxh  3pemia  MHoacecTBa  npaxTHHecxnx  npnno/xeHHH,  Tax  h 
B03MOaCHOCTbK)  npOBepKH  H  yTOHHeHHfl  CymeCTBytOIUMX  KHHeTHHeCKHX  MexaHH3MOB 
ropemia  h  K03(})(})Hu;HeHTOB  nepeHoca. 

C  tohkh  3peHna  HHCJieHHoro  MoaeanpoBaHHa  ^aHHaa  3aaaaa  caoacHa  no  paay 
npnuHH  [1,  2],  Cto/ta  OTHOcaTca  MHoroKOMnoHeHTHOCTt  3a/taun,  BbicoKaa  acecTxocTb 
ypaBHeHHH  XHMHHCCKOH  KHHeTHKH,  TpynHOCTb  paCHeTa  MHOrOKOMnOHeHTHOH  AH(j)(J)y3HH  H 
Ap.  PacneT  ocaoacHaeTca  pe3xofi  TeMnepaTypHoft  3aBHCHM0CTBK)  cxopocTeft  xnMnuecKnx 
peaKunii  h  chjibhbim  H3MeHeHneM  naoTHOCTu  ra30Boii  CMecn  H3-3a  H3MeHeHna  cpeaHero 
MoaexyaapHoro  Beca.  3to  Tpe6yeT  xax  3HaaHTeabHbTx  BbiHHcanTeabHbix  MoutHocTeh,  Tax  n 
pa3pa6oTxn  cneunajibHbix  HeaBHbix  hjih  noayaBHbix  aaropHTMOB,  cnpaBaatoinuxca  co 
3HaHHTejibHOH  /xecTxocTbto  ypaBHeHHH.  Oco6oii  3aAauen  aBjiaeTca  co3/taHHe  aaropHTMOB, 
npuroaHbix  x  acfxjDexTHBHOMy  pacnapaaaeaHBaHHio  Ha  MHoronpoueccopHbix 
BbiHHcaHTeabHbix  xoMnaexcax. 

HacToautaa  paOoTa  nocBameHa  HHcaeHHOMy  MoneniipoBaHMto  ropeHna  Boaopoao  - 
B03/iymHOH  CMecn  b  cnyTHbix  noToxax  ropionero  H2  n  oxncaHTeaa  O2  b  naocxoft 
/tByMepHOH  reoMeTpnn  (cm.  pnc.l)  b  paMxax  CTaunoHapHon  chctcmbi  ypaBHeHHH 
MHoroxoMnoHeTHoft  rn^po/iHHaMHKH  Ba3xoro,  TenaonpoBO^Horo,  XHMnnecxn  axTHBHoro 
ra3a  (l)-(4): 

(V/2V)  =  0  (1) 

(V/2v)v  +  Vp-(V/7V)v  =  0  (2) 


41 


POSTER  SESSION  -  1  Papers 


(ypvs )  +  p(Vv)  -  (VAV)T  + 


( 

(  UT  \ 

\ 

+ 

<1 

M 

— H 

J, 

l  * 

l  pc<  J 

) 

(VpyCi)  +  (V  J,)  =  Wi,  i  =  \...m 


(3) 

(4) 


3aecb  p —  njioTHocTt  ra3a,  v —  ero  cpeaHeMaccoBaa  CKopocTb,  p —  aaBaeHne,  77  — 
^HHaMHHecKaa  bh3koctb,  s  —  MaccoBaa  naoTHocTb  BHyTpeHHen  3HeprHH,  A  — 
TenaonpoBO^HOCTb,  T —  TeMnepaTypa,  hi —  MaccoBaa  naoTHocTb  3HTaabnHH  i-ro 
KOMnoHeHTa,  Ji=(JXi,Jzi )  —  MaccoBaa  naoTHocTb  noToica  i-ro  KOMnoHeHTa,  c,  —  MaccoBaa 
aoaa  i-ro  KOMnoHeHTa,  Wt  —  xhmhhcckhh  hctohhhkobbih  aaeH,  m  —  hhcjio  xhmhhcckhx 
KOMnOHeHTOB. 

,H,na  HHCJieHHoro  pemeHHa  chctcmbi  ypaBHeHHH  (l)-(4)  Hcnojn>30BaHa  HeaBHaa  cxeMa 
y cTaHOBjieHHa  nojiHon  annpoKCHMapHH  c  pacmenaeHHeM  no  npopeccaM.  Hcnoab3yeMaa 
cxeMa  aBJiaeTca  pe3yjitTaT0M  nocaeaoBaTeabHoro  pa3BHTHa  hhchchhoh  Moaean  [3],  OHa 
KOHcepBaTHBHa  npn  y cTaHOBaeHHH  b  nepeMeHHbix  p,  T,  v,  c,.  Bee  ypaBHeHHa  pemaancb 
He3aBHCHMO  apyr  ot  apyra  MeToaoM  pejiaKcapnH  b  HanpaBaemm  noTOKa  Z  c 
nocjreAOBaTejTbHbiMH  nporoHKaMH  Baoab  hhhhh  X  6e3  aonoaHHTeabHbix  BHyTpeHHHx 
HTepau;HH.  CxeMa  pemeHna  ypaBHeHHH  Hepa3pbiBHOCTH  komhohchtob  h  3Hepro6aaaHca 
aHanorHHHa  [3,  4],  11  pn  pemeHHH  ypaBHeHHH  aBHaceHHa  (2),  npHMeHaaacb  npaMaa 
KoppeKuna  eojieHOHHajibHOCTH  pacxoaa  no  ypaBHeHHio  (1).  ^(aBJieHHe  Bbimicaaaocb  H3 
napaSojTHHecKoro  ypaBHeHHa,  noayaaeMoro  B3aTHeM  aHBepreHijHH  ot  (2).  /Joctohhctbom 
TaKoro  MeTO^a  [4]  pemeHHa  ypaBHeHHH  rnapoaHHaMHKH  aBJiaeTca  npaKTHHecKH  nojiHoe 
OTcyTCTBHe  Ha  3Tane  y CTaHOBjieHHa  napa3HTHbix  aKycTHaecKHx  KOJieSaHHH,  3aMeaaaiom;Hx 
cxo^HMOCTb  pemeHHa. 

IlcnojTb3yeMbiH  aaropHTM  coaeTaeT  BbiHHcaHTeabHyio  skohomhhhoctb  oTaeabHoft 
HTepau;HH  C  flOCTaTOHHO  SbICTpOH  CXOHHMOCTbK)  npOHCCCa  B  pejIOM.  BaaCHbIM  aOCTOHHCTBOM 

aaropHTMa  aBaaeTca  ero  npnro^HocTb  aaa  s^eKTHBHoro  pacnapaaaeaHBaHHa  Ha 
MHoronpoueccopHbix  BbiHHcaHTeabHbix  KOMnaeKcax  c  noMombK)  HHTepc^enca  MPI.  flaa 
pacnapaaaeaHBaHHa  npHMeHaaca  mctoh  aeKOMno3HHHH  oOaacTH.  OSaacTb  pa36nBaaacb  no 
och  Z  Ha  noaoSaacTH,  npeacTaBaaTomne  co6oh  noaocbi  oanHaKOBon  mnpHHbi, 
napaaaeabHbie  och  X.  Baaroaapa  Hcnoab30BaHHK>  cxeMbi  Serymero  caera  npn  pemeHHH 
ceTOHHbix  ypaBHeHHH  b  HanpaBaeHHH  Z,  yaaeTca  ecTecTBeHHbiM  o6pa30M  ocymecTBHTb 
nepeaaay  aaHHbix  Ha  rpaHHijax  noao6aacTen.  06beM  aaHHbix,  nepecbiaaeMbix  npn  nepexoae 
aepe3  rpaHHuy  noaoSaacTen  cocTaBaaeT  0(Nx)«NxNz,  rae  NXNZ  -  noaHoe  ancao  y3aoB 
ceTKH,  hto  h  oSecneHHBaeT  BbicoKyio  3(j)(j)eKTHBHOCTb  pacnapaaaeaHBaHHa. 

PacaeTbi  npoBoanaHCb  aaa  paBHbix  CKopocTen  BBoaa  ropmaero  (H2)  h  oKHcaHTeaa 
(O2)  5  m/c  c  HaaaabHOH  TeMnepaTypon  300  °K  npn  aaBaeHHH  1  aTM.  Topioaee  noaBoanaocb 
aepe3  conao  ihhphhoh  0,5mm,  oKHcanreab  —  aepe3  mnpoKoe  BHenmee  conao.  Pa3Mepbi 
pacaeTHOH  oSaacra  cocTaBaaan  5x5mm. 

Pe3yabTaTbi  ancaeHHbix  pacaeTOB  noKa3biBaioT,  aTo  aaa  cxoaHMocTH  Tpe6yeTca 

'J 

OKoao  10  raoSaabHbix  HTepaaHH. 

BbiancaeHHbie  noaa  TeMnepaTypbi  h  oTHocHTeabHoro  aaBaeHHa  npeacTaBaeHbi  Ha 
pnc  2,  3.  B  cayaae  Hcnoab30BaHHa  cpaBHHTeabHO  He6oabmon  pacaeTHOH  ceTKH  100x100 
y3HOB,  BbiancaeHHa  3aHHMaan  nopaaxa  5-15mhh  Ha  oaHOM  KOMnbMTepe  IIeHTHyM-3,2rru;. 
Ilpn  Hcnoab30BaHHH  rycTbix  ceTOK  1000x1000  h  6oaee  y3aoB,  HeoSxoaHMbix  aaa 
noapo6Horo  pa3pemeHHa  (})poHTa  naaMeHH,  3aaaaa  pemaaacb  Ha  MHoronpoueccopHOM 
BbiancaHTeabHOM  KOMnaeKce  HIIMex-2,  coaepacaipeM  32  aByxaaepHbix  KOMnbiOTepa 
IIeHTHyM-3,2rru;.  B  pacaeTax  Hcnoab30Baaocb  ao  50  npopeccopoB.  Ilpn  BbiaHcaeHHax  Ha 
16  nponeccopax  yaaeTca  aocraab  3(j)(J)eKTHBHOCTH  pacnapaaaeaHBaHHa  ao  70%.  Ilpn 
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AajibHeHiiieM  yBenHHeHHH  HHcna  napajmentHtix  npopeccoB  3(J)c^eKTHBHocTb 
pacnapanjiejiHBaHHa  na^aeT  H3-3a  mc^jichhocth  ceTeBoro  oSMeHa. 

Ejiaro/iapnoeib.  Pa6oTa  BtmonHeHa  b  paMKax  nporpaMMti  (JtyHAaMeHTanbHbix 
HccjieAOBaHHH  npe3H^HyMa  PAH  no^  pyKOBOACTBOM  axa^.  B.A.  JleBHHa. 


THE  DEVELOPING  OF  NUMERIC  ALGORITHM  OF  HIDROGEN- 
OXIGEN  MIXTURE  IGNITION  BY  LASER  PLASMA 


V.  V.  Kuzenov,  A.S.  Petrusev 

IPMech  RAS,  Moscow,  1 19526,  Russia,  Vemadskogo  avenue,  101  building  1 .  kuzenov@ipmnet.ru. 

petrusev@ipmnet.ru 

The  plasma  plume  (Fig.l),  above  metal  target  or  gas  media  under  laser  influence  may 
be  utilize  for  fuel  ignition  in  scramjet,  for  laser  -  induced  plasmotrons.  It  is  worse  to  be 
mentioned,  that  laser  irradiation  in  some  regions  of  super  sonic  flow  may  change  its  structure. 

For  numeric  modelling  this  task  is  rather  difficult  due  to  multicomponents,  high 
stiffness  of  equations,  sharp  temperature  dependence  of  chemical  reactions  rates  and  large 
varying  of  gas  mixture  molecular  weight.  For  overcoming  of  these  difficulties  the  significant 
computational  powers  and  the  developing  of  special  numeric  algorithms  are  needed. 

With  the  aid  of  computational  model  has  been 
developed  the  combustion  ignition  in  oxygen  - 
hydrogen  gas  mixture  by  laser  plume  is  numerically 
studied.  The  laser  radiation  with  metal  target  is 
considered  with  wavelength  1.06  or  10.6pm,  laser 

o  r 

pulse  durations  10  -10'  s  and  energy  flow  density  q 
up  to  10 12  W/cm2.  At  this  case  the  laser  influence  on 
the  target  leads  to  plasma  formation  in  metal  vapour 
or  surrounding  gas.  It  is  known,  that  initial  vapour 
plasma  formation  leads  to  strongly  radiated  shock 
wave  in  surrounding  combustion  mixture  and 
turbulence  in  laser  plasma  plume.  The  strong 
radiation,  turbulent  mixing  and  gas  heating  after 


Fig.l  The  outline  of  laser  plume  structure. 
1  -  metallic  target;  2  -  The  erosion  vapor 
area;  4  -  The  area  of  shock  -  compressed 
gas. 


shock  wave  front  may  init  combustion  in  hydrogen  -  oxygen  mixture. 

The  numeric  2D  model  of  laser  plasma  processes  is  based  on  multicomponent 
equations  of  radiative  gas  dynamics  with  spontaneous  electromagnetic  fields  and  plasma 
turbulence.  The  characteristic  feature  is  taking  into  account  the  gas  motion  with  contact 
boundary  between  plasma  and  metallic  target  vapour.  The  electromagnetic  processes  are 
described  by  Maxwell  equation  system.  The  radiation  transfer  is  described  by  multigroup 
diffusive  approach.  This  equation  system  is  supplemented  by  description  of  heating  and 
evaporation  of  target  material  under  laser  radiation  influence. 

The  numeric  solution  of  this  equation  system  is  based  on  splitting  by  physical 
processes  and  spatial  directions.  The  solution  of  splitted  equations  occurs  by  the  variant  of 
compact  finite-difference  scheme  of  6-th  order,  which  has  been  developed.  At  radiation 
transfer  equations  solution  the  modified  alternative-triangular  method  has  been  used.  The 
equations  for  magnetic  induction  are  solved  by  semi-implicit  splitting  method.  The 
combustion  processes  described  by  chemical  kinetics  equations,  solved  by  Rosenbrock 
method. 

The  calculations  occurs  for  laser  pulse  durations  10- 1000ns,  full  laser  pulse  energy 
0.1-100J,  spot  size  ~100  -  500  pm.  The  material  of  metallic  target  is  Al.  The  surrounding 
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media  is  hydrogen  -  oxygen  mixture. 

There  are  the  calculated  fields  of  temperature  and  velocity  on  Fig.2,  3. 
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Fig.2.  The  spatial  distribution  of  temperature  T[K]  in  laser  plume  at  t=0.31jus  (qiaz=2xl09W/cm2 ,  Eiaz=3J, 
tiaz=50ns,  Poo=0.1atm). 

Fig.  3.  The  spatial  velocity  distribution  along  laser  plume  axis  at  t=0.31ps  (qiaz=2 xl09W/cm2 ,  EUr=3.J,  tiaz=50ns, 
Px=0.1atm). 

Conclusion. 

The  numeric  model  of  near-target  laser  plume  has  been  developed.  It  is  based  on 
multicomponent  radiative  plasmadynamics  in  arbitrary  curvilinear  coordinates.  All  of  the 
main  laser  plume  parameters  fields  have  been  calculated.  The  numeric  analysis  of  mixture 
ignition  has  been  carried  out. 
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IIjia3MeHHoe  o6pa30Bamie  (pnc.l),  B03HHKaiomee  nan  noBepxHocTtio  MeTajumnecKoh 
nperpanti  hjih  HenocpencTBeHHO  b  ra30Bon  cpene  b  pe3ynbTaTe  ^eiicTBua  na3epHoro 
H3JiyueHHa  MoaceT  6bitb  Hcnojib30BaHO  jpia  noAacura  roptoveh  CMecn  b  1TIBP/T  a  Taicace  Ana 
co3AaHna  na3epHtix  nna3MOTpoHOB.  JIa3epHbie  nna3MOTpoHbi  Hcnom>3yioTca  nna  n3yneHua 
aapoTepMOAHHaMHKH  npoueccoB  oOTeKaHna  neiaTenbHtix  annapaTOB  cnoacHoii  (JtopMbi. 
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Otmcthm  TaK>Ke,  hto  jia3epHoe  H3JiyHeHHe  h  cBa3aHHoe  c  hhm  oSbeMHoe  sHeproBbiAejiemie  b 
onpeaeneHHOH  oOjiacTH  CBepx3ByKOBoro  noTOKa,  mojxct  no3BOJiHTb  H3MeHHTb  b  HyacHyio 
CTopoHy  CTpyKTypy  Tenemia  (cncTeMy  B3aHMOAeHCTByiom;HX  Apyr  c  ApyroM  y^apHtix  bojih) 
noTOKa. 

C  tohkh  3peHna  HHCJiemioro  MOAejmpoBaHHa  Aamiaa  3aAana  AOCTaTOHHo  cjioacHa. 
3^ecb  mo)kho  OTMeraTb  MHoroKOMnoHeHTHOCTb  3aAami,  BbicoKyio  acecTKOCTb  ypaBHeHHH 
XHMHHeCKOH  KHHeTHKH  H  AP-  CjTOaCHOCTb  3aAaHH  CB33aHa  TaKace  C  pe3KOH  TeMnepaTypHOH 
3aBHCHMOCTbK)  CKOpOCTCH  XHMHHeCKHX  peaXIJHH  H  CHJIbHbIM  H3MCHeHHeM  nJIOTHOCTH 
ra30Boft  cMecH  H3-3a  H3MeHeHna  cpeAHero  MOJiexyjiapHoro  Beca.  /Jjra  npeoAajieHHa 
yKa3aHHbix  ipyAHOCTeil  TpeSyiOTca  xax  3HaHHTejibHbie  BbiHHCJiHTejibHbie  mouihoctm,  Tax  h 
pa3pa6oTxa  cnepnajibHbix  nojiyaBHbix  ajiropHTMOB. 

Ha  ocHOBe  pa3pa6oTamiOH  MaTeMaraHecKOH  moacjim  hhcjichho  HcejieAyeTca  npou,ecc 
HHHIIHHpOBaHHa  ropeHHa  B  KHCJIOpOAHO-BO^OpOAHOH  CMeCH  Jia3epHbIM  (J)aKejTOM, 
co3^aBaeMbiM  b6jih3h  MeTajiJiHHecKOH  nperpa^bi.  PaccMaTpHBaeTca  B3aHMO^eMcTBHe 
jiaaepHoro  H3JiyHeHHa  c  MeTajunmecxoft  nperpaAoft  AJia  ajihh  bojih  1.06  h  10.6  mkm, 
OTHTejibHOCTeH  na3epHbix  HMnyjibcoB  1 0“8- 1 0”6  c  h  njiOTHOCTeH  noTOKOB  jia3epHoro 
H3JiyHeHHa  q<10  Bt/cm  .  B  stom  cjrynae  B03AeHCTBHe  Jia3epa  conpoBoac^aeTca 
B03HHKH0BeHHeM  njia3Mbi  b  napax  MaTepnajia  nperpa^bi  hjih  (h)  oxpyacaiomeM  ra3e. 
H3BecTHo,  hto  HanajibHoe  HcnapeHHe  h  o6pa30BaHHe  3po3hohhoh  njia3Mbi  npiiBOAHT  k 
C03flaHHK>  CHJIbHOH  H3JiyHaK>H],eH  y^apHOH  BOJIHbl  B  OKpyacaiOmeH  HCXOAHO  HeB03Mym,eHH0H 
ropioHeft  CMecH  h  k  B03HHKH0BeHHK>  Typ6yjieHTHocTH  b  (JjaxejTe  jia3epHoii  njia3Mbi.  MomHoe 
H3JiyneHHe,  npou,eccbi  Typ6yjieHTHoro  nepeMeuiHBaHHa  h  HarpeB  cmcch  3a  yAapHOM  bojihoh 
MoryT  HHHijHHpoBaTb  npopeccbi  ropeHHa  b  ropfonen  cMecn  xHCJiopoAa  h  BOAopoua. 

MaTeMaTHnecKaa  MOAejib  npou,eccoB  npOTexaiomHx  b  jmepHOH  nna3Me  ocHOBaHa  Ha 
ypaBHeHHax  MHoroxoMnoHeHTHoft  paAHapHOHHOH  ra30Boft  AHHaMHXH  c  yneTOM  cnoHTaHHbix 
3JieKTpoMarHHTHbix  nojien  h  TypSyjieHTHOCTH  njia3Mbi.  OcoSeHHOCTbio  AaHHon  moacjim 
aBjiaeTca  yneT  h  onncaHHe  ABH/xemia  xonraxTHoil  rpaHHpeft,  pa3Aejiaiom;eH  njia3My 
BemecTBa  MeTajunmecxon  nperpaAbi  h  oxpyacaiomero  ra3a.  3jiexipoMarHHTHbie  npou,eccbi 
onncbiBaioTca  chctcmoh  ypaBHeHHH  MaxcBejuia  h  OMa  b  njia3Me  c  kohchhoh 
npoBOAHMOCTbio.  nepeHOC  HiJiyieHMa  paccMaTpHBaeTca  b  paMxax  MHororpynnoBoro 
AH(})4)y3HOHHoro  npH6jiHaceHHa.  CncTeMa  paAHauHOHHbix  ypaBHeHHH  MarHHTHoft  ra30Boii 
AHHaMHKH  AonojiHfliOTCfl  ypaBHeHHBMH,  onHCbiBaiomHMH  npoueccbi  HarpeBa  h  ncnapemia 
MaTepnajia  noraomaiomeH  xoHACHCHpoBaHHoft  cpeAti  noA  AeHCTBHeM  noToxa  jia3epHoro 
H3JiyneHHa  h  TennoBoro  H3JiyHeHHa  njia3MeHHoro  o6pa30Bamia. 

BHCJieHHoe  pemeHHe,  pa3pa6oTaHHOH  b  pa6oTe  HecTapnoHapHOH  AByMepHoft 
paAHaiiH0HH0-MarHHT0ra30AHHaMHHecx0H  moacjim  6a3HpyeTca  Ha  mctoac  pacmenjieHHa  no 
(J)H3HHecxHM  npoueccaM  h  npocTpaHCTBeHHbiM  HanpaBjiemiaM.  PemeHHe  pacmenjieHHbix 
ypaBHeHHH  PeimojibAca  HaxoAMTca  c  noMombio  pa3pa6oTaHHoro  b  pa6oTe  BapnaHTa 
HejIHHeHHOH  XBa3HMOHOTOHHOH  XOMnaXTHOH  AH(})4)epeHLi;HajIbHO-pa3HOCTHOH  CXeMbI 
noBbimeHHoro  Mopauxa  tohhocth,  xoTOpaa  b  npocTpaHCTBeHHO  rjiauxoM  nacTM  HHCJieHHoro 
pemeHHa  no3BOJiaeT  AOCTHrayTb  6-oft  nopaAOX  tohhocth.  ripn  pemeHHH  ypaBHeHHH 
nepeHoea  H3JiyneHHa  npHMeHeH  MOAHcfmijHpOBaHHbiH  nonepeMeHHO-TpeyrojibHbiH  mctoa  c 
HCnOJIb30BaHHeM  TpeXCJIOHHOH  HTepapHOHHOH  CXeMbI,  B  XOTOpOH  HTepapHOHHblH 
“BpeMeHHOH”  mar  HaxoAHTca  c  noMombio  mctoab  conpaacemmix  HanpaBJieHHH.  ypaBHeHHa 
MarHHTHoii  HHAyxpHH  peuiajiHCb  nojiyHeaBHbiM  mctoaom  pacmenjieHHa  no  (J)H3imecxHM 
npou;eccaM.  npopecc  ropeHHa  xhcjiopoaho-boaopoahoh  cmcch  onHCbiBaeTca 
eooTBeTCTByiomHMH  ypaBHeHHa  xHMHHecxoii  xHHeTHXH,  xoTopbie  pemaioTca  mctoaom 
Po3eH6poxa,  no3BOJiaiom,HM  npeoAOJieTb  “acecTxocTb”  AaHHOH  CHCTeMbi  ypaBHeHHH. 

KoHxpeTHbie  pacneTbi,  npoBeAeHbi  AJia  cjiynaeB  B03AeiicTBHa  HMnyjibcoB  jraaepHoro 
H3JiyneHHa  npaMoyrojibHOH  cjjopMbi  c  AaHTejibHOCTbio  HMnyjibca  10-1000  hc.  3HaneHHe 
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nojiHoft  3HeprHH  jia3epHoro  H3JiyHeHna  cocTaBjiajio  BejiHHHHy  0.1-100  flac,  pa3Mep  rurraa 
(|)OKycHpOBKH  ~100  -  500  mkm.  MaTepHan  MeTajuinnecKOH  nperpa^ti  b  pacneTHbiii 
HccjieAOBaHHax  npeACTaBjisji  co6oft  Al.  OxpyacaiomeH  cpe^oft  aBjiajiact  khcjtopoaho- 
BOflopOAHaa  CMecb. 

Ha  pnc.2  h  pnc.3  npHBe^eHti  nojiyneHHbie  b  pe3yjibTaTe  npoBeAeHHbix  BbiHHcneHHH 
nojia  TeMnepaTypbi  h  npo^oubHOH  CKopocTH. 

3aKjiK)weHHe.  Pa3pa6oTaHa  MaTeMaTHuecicaa  moacjib  npHnoBepxHocTHoro  jia3epHoro 
<J)aKejia,  ocHOBaHHaa  Ha  ypaBHeHHax  pa^HaijHOHHOH  naa3MO^HHaMHKH,  3anHcaHHbix  b 
npOH3BOHbHbIX  KpHBOJIHHeHHblX  KoopAHHaTax.  npoH3Be,n;eHbi  paCHeTbl  Bcex  OCHOBHbIX 
ra30AHHaMHnecKHx  h  H3JiyyaTeabHbix  napaMeTpOB  jia3epHoro  (Jiaicejia  h  MeTajunwecKOM 
nperpaAbi.  BbinojiHeH  HHcaeHHbift  aHajiH3  3aKOHOMepHocTeH  no^acHra  ropioHeft  cMecn. 

EjiaroAapHOCTb. 

PaOoTa  BbinoaHeHa  b  paMKax  nporpaMMbi  (JtyHAaMeHTanbHbix  uccaeAOBaHHH 
03MMny  PAH  h  N2O7-0 1-00 133. 

NANOSECOND  BARRIER  SURFACE  DISCHARGE:  APPLICATION 
FOR  IGNITION  OF  COMBUSTIBLE  MIXTURES 

P.N.Sagulenko,  I.N.  Kosarev,  V.I.Khorunzhenko,  S.M.  Starikovskaia*) 

Physics  of  Nonequilibrium  Systems  Laboratory,  Moscow  Institute  of  Physics  and  Technology,  Moscow,  Russia 
*)  Present  address:  Laboratory  for  Physics  of  Plasmas  (LPP),  Ecole  Polytechnique,  Palaiseau,  France 

Typically,  plasma  assisted 
combustion  (PAC)  experiments  are  carried 
out  at  atmospheric  or  at  decreased  gas 
pressure  [1].  In  present  paper,  it  is 
proposed  to  use  surface  nanosecond 
discharge  [2]  developed  for  aerodynamic 
applications  in  combination  with  rapid 
compression  machine  [3]  for  quantitative 
study  of  PAC  initiation  at  elevated 
pressures.  It  should  be  noted  that  other 

Fig.  1:  ICCD  images  of  nanosecond  surface  discharge  ignition  sygtems  baged  Qn  gurface 

discharges,  f.e.  surface  microwave 

discharge,  have  been  proposed  recently  [4], 

Rapid  compression  machines  (RCM)  are  designed  to  study  the  ignition  delay  time  at 
low  temperatures  (about  1000  K)  and  high  pressures  (tens  and  hundreds  of  atm),  at  the 
conditions  similar  to  those  in  internal  combustion  engine.  Detailed  review  of  rapid 
compression  machines,  their  application  in  combustion  research  and  study  of  flow 
peculiarities  under  the  conditions  of  fast  compression  has  been  done.  The  only  RCM 
application  for  artificial  (laser  stimulated)  ignition  is  known  in  the  literature  [5],  If  to  organize 
the  nonequilibrium  plasma  between  the  end  plate  of  the  combustion  chamber  and  the  piston, 
or,  at  least,  near  the  end  plate,  it  will  be  possible  do  decrease  the  ignition  delay  time  and  to 
investigate  kinetics  of  plasma  assisted  ignition  at  high  pressures. 

Preliminary  discharge  experiments  have  been  carried  out  at  MIPT.  Nanosecond  DBD 
discharge  in  a  special  coaxial  geometry  of  electrodes  was  used  to  produce  a  thin  layer  of 
quasi-uniform  plasma  in  the  vicinity  of  low- voltage  electrode.  High  voltage  pulses  of  10- 
20kV  amplitude,  25ns  duration,  3ns  rise  time,  positive  or  negative  polarity,  and  repetitive 
frequency  40Hz  were  used  to  ignite  the  discharge  in  ambient  air  at  pressures  l-5atm. 
Emission  was  registered  by  LaVision  PicoStar  ICCD  camera  (200-800nm)  in  nanosecond 
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time  scale.  ICCD  images  of  nanosecond  DBD  discharge  in  ambient  air  are  given  by  Fig.  1 . 
Gas  pressure,  voltage  amplitude  in  the  cable,  and  ICCD  gate  are  indicated  for  each  picture. 
The  total  energy  input  in  the  discharge  did  not  exceed  approximately  lOmJ,  or  10%  of  the 
energy  stored  in  incident  nanosecond  pulse.  The  authors  are  thankful  to  N.S.Mazko  and 
V.I.Zudov  for  technical  assistance,  and  to  M.M.Nudnova  for  help  with  optical  measurements. 
The  work  was  partially  supported  by  EOARD/CRDF  (Projects  RUP1-1513-MO-06  and 
093077). 
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HAHOCEKYH^HMH  bAPbEPHbIM  PA3P>I/l  KAK  CPE^CTBO 
nO^/KHTA  rOPKIMHX  CMECEH 

II.H.CaeyjieHKo,  H.H.Kocapee,  P, II, Xopyn.vcen ko,  C.M.CmapuKoecKan*) 

JlaCiopamopiiH  <pu3UKU  nepaenoeecHux  cucmeM,  M&TH,  MocKea,  Poccuh 
*)  Adpec  e  nacmomifee  epejm:  Laboratory  for  Physics  of  Plasmas  ( LPP '),  Ecole  Poly  technique,  Palaiseau, 

France 

DiccnepHMeHTM  no  ropemno,  HHHunnpyeMOMy  naa3Mon,  oObihho  npoBopaTca  npn 
paBaemm,  6jih3kom  k  aTMoc(})epHOMy  [1],  B  paHHon  pa6oTe  npepaaraeTca  Hcnoab30BaHne 
HaHoeeKyH^Horo  dapbepHoro  pa3papa,  npepaoaceHHoro  paHee  paa  aapopnHaMHnecKHx 
npnjiO/KeHuh  [2]  b  KOMdnHapnn  c  ManiHHon  dbicTporo  cacaTna  [3]  paa  npoBepeHna 
3KcnepnMeHTOB  no  nHnnunpoBaHmo  nopacnra  c  noMombio  HH3KOTeMnepaTypHoii  naasMbi 
npn  BbicoKHX  paBaeHnax.  Otmcthm,  hto  cyipecTByioT  h  ppyrne  cncTeMbi  BocnaaMeHeHna, 
ocHOBaHHBie  Ha  noBepxHOCTHbix  pa3papax  [4],  MamHHbi  dbicTporo  (apnadaTnnecKoro) 
cacaraa  dbum  pa3padoTaHbi  paa  H3yneHna  BocnaaMeHeHna  npn  TeMnepaTypax  oicoao  1000  K 
h  paBaeHnax  pecaTKH-coTHH  aTM,  b  ycaoBnax,  dan3Knx  k  peaansyioipHMca  b  pBnraTeaax 
BHyTpeHHero  cropaHHa.  B  padoTe  BbmoaHeH  od3op  cyipecTByToipnx  MauiHH  dbicTporo 
cacaraa,  paccMOTpeHbi  siccnepHMeHTbi  no  onpepeaeHnio  BpeMeHn  sapepaacn  pa3anHHbix 
ropiounx  CMeeen,  BKHionaa  3KcnepnMeHTbi  [5]  no  Jia3epHOMy  nopacnry. 

Mbi  noaaraeM,  hto  odpa30BaHne  HepaBHOBecHon  HH3KOTeMnepaTypHon  naasMbi 
Bdan3H  Top  pa  xaMepbi  cropaHna  ando  Meacpy  ToppeM  n  nopmHeM  no3BoanT  cymecTBeHHo 
CHH3HTb  BpeMa  HHpyKpnn  BocnaaMeHeHna.  IIpeaBapHTeabHbie  SKcnepHMeHTbi  no  H3yaeHHio 
pa3BHTna  pa3papa  npn  paBaeHnax  1-5  aTM  dbian  npoBeaeHbi  b  MOTH.  H aHoceicy  HpHbin 
noBepxHOCTHbiii  dapbepHbin  pa3pap  b  cnepnaabHon  KoaKcnaabHon  reoMeTpnn  aaeKTpopoB 
ncnoab30Baaca  paa  co3paHna  tohkoto  caoa  naa3Mbi  Bdan3n  noBepxHocTH  aaerrpopHOH 
cncTeMbi.  BbicoKOBoabTHbie  HMnyabCbi  c  aMnanTypon  10-20  kB  b  anHnn,  panTeabHOCTbio 
25  hc  n  BpeMeHeM  HapacTaHna  3  hc,  caepyToipne  c  nacTOTon  40  Tp,  ncnoab30Baancb  pa  a 
nopacnra  pa3papa  b  B03pyxe.  H3ayneHne  pa3papa  perncTpnpoBaaocb  II3C-KaMepoH  c 
ycnanreaeM  apKocra  LaVision  PicoStar  (200-800  hm)  c  HaHoceKyHpHbiM  BpeMeHHbiM 
pa3pemeHneM.  IIpHMepbi  H3odpaaceHHH  npnBepeHbi  Ha  Pnc.  1.  3HeproBicnap  b  pap ap  He 
npeBbimaa  10  M^ac,  nan  10  %  ot  3Heprnn  napaiotpero  HMnyabca. 

Abtopbi  BbipaacaiOT  daaropapHOCTb  H.C.Ma3KO  n  B.M.3ypoBy  3a  TexHuaecicyio 
noMoipb  b  npoBepeHnn  3KcnepnMeHTa,  M.M.HypHOBon  -  3a  noMotpb  b  opraHH3apn 
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onTHHecKHx  H3MepeHHH.  Pa6oTa  6bma  nacTHHHo  no^epacaHa  EOARD  (RUP1-1513-MO-06, 
093077)  h  Oe^epajibHbiM  areHCTBOM  PO  no  o6pa30BaHHK>  (KOHipaKT  8297). 


INFLAMMATION  OF  PROPANE  -  AIR  MIXTURE  WITH  A  HELP  OF 

GAS  DISCHARGES 

N.V.  Ardelyan,  V.L.  Bychkov,  D.V.Bychkov,  I.V.  Kochetov,  K.V.  Kosmachevskii 

M.V.Lomonosov  Moscow  state  university,  bvchvl@orc.ru 

Calculations  of  self  maintained  (on 
a  basis  of  Boltzmann  equation)  and  non- 
self-maintained  discharges  in  propane- 
air  mixtures  have  been  made.  Rate 
constants  of  electron-molecule  processes 
have  been  computationally  obtained. 

Breakdown  fields  have  been  estimated 
with  respect  to  a  composition  of  the 
mixture. 

The  calculating  plasmachemical 
code  we  accounted  119  chemical 
reactions  for  components  of  ionized  air 
and  74  reactions  for  components  of 
igniting  propane  (Varatharajan  B., 

Williams  F.A.  2002)  at  mixture 
excitation  by  an  electric  field,  an  electric 
field  and/or  external  electron-beam 
ionizer.  Obtained  results  for  autoignition 
are  in  good  agreement  with  experimental  data.  We  have  obtained  ignition  times  at  different 
initial  temperatures  of  the  mixture. 

Calculations  show  that  presence  of  the  plasma  leads  to  decrease  of  propane-air  mixture 
inflammation  time. 


Rate  constants  of  ionization  and  attachment 


dependences  via  parameter  E/N  (Td)  in 
propane  -  air  mixture  at  different 
concentration  of  propane  in  the  mixture. 


log,„<T<K}) 


locUT(K» 


Temperature.  E=0,  W=0. 


Temporary  temperature  dependences  ofstoichiometric  propane-air  mixture  in  the  non-self- 
maintained  discharge  and  in  the  hot  gas  (T=1500K. 
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BOCnJIAMEHEHHE  nPOnAHO-BOTAVUJHOH  CMECH  nPH 
nOMOIUH  FA30BLIX  PA3PiIAOB 

H.B.  ApdejiHH,  B.JI.  Euhkos,  ff.B.EbiHKoe,  H.B.  Kouemoe ,  K.B.  KocMcmeacKuii 

IIpoAejiaHti  pacneTbi  napaMeTpoB  caMocToaTejibHoro  (Ha  ocHOBe  pemeHHa  ypaBHemia 
BojibUMaHa)  h  HeeaMOCToaTejibHoro  pa3pa^OB  b  nponaHO-B03,n,ymHOH  CMecn.  nojiyueHbi 
KOHCTaHTbi  cKopocTeft  3JTeKTpoHHo-MOJTeKyjiapHbix  npoueccoB.  OpeHeHbi  npo6oftHbie  noaa  b 
3aBHCHMOCTH  OT  COCTaBa  CMCCH. 

B  pacneTHoft  naa3M0XHMHHecK0H  cxeMe  yuTeHo  119  xhmhhcckhx  peaxpHn  KOMnoHeHT 
HOHH30BaHHoro  B03,n,yxa  h  74  peaKUHH  komhohcht  BoenjiaMeHaeMoro  nponaHa  (Varathara- 
jan  B.,  Williams  F.A.  2002)  npn  yueTe  B036yac^eHHa  sjieKTpHuecKHM  noaeM, 
3JieKTpHHeCKHM  nOJieM  h/hJIH  BHemHHM  SJieKTpOHHO-nyHKOBbIM  HOHH3aTOpOM  .  nOJiyaeHHbie 
pe3yjTbTaTbT  ,n;jia  aBTOBocnaaMeHeHHa  xopomo  comacyTOTca  c  3KcnepHMeHTajibHbiMH 
^aHHbiMH.  IIojiyHeHbi  BpeMeHa  BoenjiaMeHeHHa  npn  pa3JiHHHOH  hcxootoh  TeMnepaType  stoh 

CMeCH. 

PacBCTbi  noKa3biBaiOT,  hto  npHcyTCTBHe  naa3Mbi  npHBO^HT  k  CHHaceHHio  BpeMeHH 
BocnaaMeHeHHa  nponaHo  -  B03ayuiH0H  CMecn. 


INFLUENCE  OF  ELECTRICAL  DISCHARGE  IN  EXTERNAL 
MAGNETIC  FIELD  ON  GAS  FLOW  STRUCTURE  AND  MIXING 

Element’ eva  /.,  Bityurin  V.,  Bocharov  A. 

Institute  for  High  Temperatures  of  Russian  Academy  of  Sciences,  Izhorskaya  13/19,  Moscow,  Russia,  125412, 

klem  en  tve  vafa  ih  ed.  ras.  ru 

Investigation  of  gas  flow  -  plasma  formation  interaction  is  a  perspective  and  rapidly 
developing  direction  of  modem  technical  science.  Studies  in  that  field  are  boosted  by  efforts 
to  design  a  high  speed  vehicle.  Goals  of  theoretical,  numerical  and  experimental 
investigations  in  the  area  are  to  improve  airplanes  maneuverability  influencing  parameters  of 
incident  flow,  boundary  layer  and  conical  vortexes;  to  reduce  aerodynamical  drag  and 
improve  heat  exchange,  to  intensify  mixing  and  combustion  of  high  speed  flows  in 
combustion  chambers  by  plasma  formations  applying.  The  investigations  are  carried  out  on 
different  facilities  configurations  with  various  types  of  electrical  discharges. 

In  the  presented  work  DC  electrical  discharge  influence  on  gas  flow  structure  has  been 
studied  in  task  setting  on  MHD  enhanced  mixing  of  non-premixed  streams  of  fuel  and 
oxidizer.  The  problem  is  that  speed  of  fuel  and  oxidizer  streams  in  high-speed  combustion 
chambers  is  too  high  to  allow  them  to  create  a  combustible  mixture  during  shot  residence 
times.  A  possible  way  to  intensify  kinematical  mixing  and  hence  combustion  of  non-premixed 
gas  fuel  and  oxidizer  is  to  use  electrical  discharges  in  external  magnetic  field.  That  method  is 
called  MHD-method  and  is  described  earlier  in  [1  -  3]. 
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Fig. 2.  Discharge  rotation. 


Fig. 3.  Discharge  spiral  evolution. 


Theoretical,  numerical  and  experimental  results  of  electrical  discharge  influence  on 
gas  flow  structure  have  been  summarized  and  mechanisms  of  that  influence  have  been 
revealed.  Three  types  of  gas  flow  perturbations  under  the  electrical  discharge  in  magnetic 
field  have  been  marked  out  and  explained: 

1 .  vortexes  generation  in  cross  section  plane  of  the  discharge  due  to  non-potentiality  of  the 
electromotive  force  (Fig.l.); 

2.  gas  medium  movement  forced  by  discharge  rotation; 

3.  flow  field  modification  due  to  electrical  discharge  spiral  evolution. 

Preliminary  flow  structure  measurements  approving  the  described  perturbations  have  been 
carried  out. 
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BJIHHHHE  3JIEKTPHHECKOrO  PA3PHM  BO  BHEIHHEM 
MArHHTHOM  IIOJIE  HA  CTPYKTYPY  TA30BOrO  nOTOKA  H 

CMEUIEHHE 

KjieMeumbeea  II.,  Eumwpun  B.,  Eouapoe  A. 

OHBT  PAH,  MocKBa,  Pocchh 

IlccjieAOBaHne  B3auMOAehcTBUH  noTOK  -  nna3MeHHoe  o6pa30Bamie  aBjiaeTca 
nepcneKTHBHBiM  h  SbiCTpo  pa3BHBaioiii,HMca  HanpaBJieHneM  coBpeMeHHoii  HayKH. 
HeoSxoAUMocTb  6ojree  TmaTeatHoro  roynemia  Taxoro  B3anMOAeucTBna  B03HHKjia  b  cBa3H  c 
co3^,aHHeM  BbicoKOCKopocTHbix  jieTaTejibHbix  annapaTOB.  Ifejibio  npoBO^HMbix  b  stoh 
o6aacTH  3KcnepuMeHTajibHbix  h  pacueTHo-TeopeTHuecKMx  uccjieAOBaHuu  aBjiaioTca:  1) 
ynyuinemie  ynpaBJiaeMOCTH  JieTaTejibHbix  annapaTOB  nyTeM  B03^encTBna  njia3MeHHbix 
o6pa30BaHHH  Ha  napaMeTpbi  Ha6eraioin;ero  noToxa,  norpaHnuHoro  caoa  n  xoHnnecxnx 
BHXpeii;  2)  CHnaceHne  aspoanHaMnnecxoro  conpoTHBJieHna  n  yaynmeHne  Tenjioo6MCHa;  3) 
HHTeHCH(J)Hxan;Ha  cMemeHna  n  ropeHna  b  cBepx3ByxoBOM  noToxe  xaMepbi  cropaHna  c 
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noMomtio  nna3MeHHLix  opa30BaHHH.  HccjieAOBaHHa  npoBOAirrca  b  pa3JiHHHbix 
xoHcjinrypaHHax  axcnepHMeHTajibHbix  ycTOHaBOK  c  Hcnojib30BaHHeM  HecKOJibKHx  thiiob 
ajieKTpHHecKHx  pa3pa,qoB. 

B  ^aHHOH  pa6oTe  H3yneHO  bjihshhc  anexipHnecxoro  pa3p>ma  riocToaHHoro  Toxa  Ha 
CTpyKTypy  ra30Boro  noToxa  b  nocTOHOBxe  salami  06  MT/I,  HHTeHCH(})Hxau;HH  CMemeHHa 
npe^BapHTejibHO  HenepeMemaHHbix  CTpyn  TonjiHBa  h  oxHCJiHTejia.  OSecneneMie 
BbinojiHeHHa  ycToibniBoro,  siJxjiexTHBHoro  CMemeHHa  h  cropaHHa  b  CBepx3ByxoBOM  noToxe 
xaMepbi  cropaHHa  -  o/ma  h3  BaacHbix  3a^an  npn  coa^aHHH  ^.BHraTeaen  BbicoxocxopocTHbix 
jreTaTejTbHbix  annapaTOB.  Ha  xopotxhx  npoaerabix  BpeMeHax  TonjiHBo  h  oxHCJinrejib  He 
ycneBaiOT  o6pa30BaTb  cnocoSHyio  x  cropaHHio  CMecb,  h  HeoSxo^HMO  npHMeHaTb 
AonoaHHTeabHbie  cnoco6bi  ^jia  HHTeHCH(|)Hxau;HH  hx  CMemeHHa.  O^hhm  H3  mctoaob, 
no3BOJiaiom,HM  HHTeHCHcftHiiHpoBaTb  xHHeMaTHnecxoe  nepeMemHBaHne  h  cne^OBaTejibHO 
ropeHHe  b  ra30Bbix  noToxax  pa3,nejieHHbix  xomhohchtob  TonjiHBa  h  oxHCJiHTena,  aBnaeTca 
Mr^-MeTOA,  xoTOpbiH  3axjiK>HaeTca:  1)  b  co3,n,aHHH  HMnyjibCHoro  ajiexTpHnecxoro  paapa/ia 
b  ra30B0M  noToxe;  2)  b  Hcnojib30BaHHH  B3aHMo^eHCTBHa  anexTpHHecxoro  pa3pa^;a  c 
BHeniHHM  MarHHTHbiM  noaeM  ana  opraHH3au;HH  btophhhbix  BHxpeBbix  TeneHHH  [1-3].  B  xo,n,e 
pa6oTbi  o6o6m;eHbi  TeopHTHHecxne,  HHCJieHHbie  h  axcnepHMeHTanbHbie  pe3yjibTaTbi  BjiHamia 
ajiexTpHHecxoro  paapa/ia  Ha  CTpyxTypy  ra30Boro  noTOxa  h  BbiaBJieHbi  MexaHH3Mbi  Taxoro 
BJinaHHa.  OTMeneHbi  h  o6bacHeHbi  Tpn  rana  B03MymeHHH  ra30Boro  noToxa  ajiexTpHuecxHM 
pa3pa^OM  b  MarHHTHOM  none:  1.  reHepauna  BHxpeii  b  naocxocTH  nonepenHoro  ceueHHa 
paapa^a  xax  cae^cTBHe  HenoTeHunaabHocTH  aaexTpoMarHHTHoft  cnjibi  (Phc.1.);  2.  ^BHaceHHe 
ra30B0H  cpe^bi,  Bbi3BaHHoe  BpameHHCM  pa3pa^a  (Phc.2.);  3.  MOflHijmxaqHa  noaa  TeneHHa 
Bcae^cTBHe  3bojtiouhh  pa3pa^a  no  (])opMe  cnnpajiH  (Phc.3.).  IlpoBe,neHbi  npeABapHTejibHbie 
H3MepeHna  napaMeipoB  noToxa,  noATBepac^aiomHe  onncaHHbie  Bbime  B03Mym,eHHa. 


CONTACTLESS  DETERMINATION  OF  SURFACE  TEMPERATURE 
WITHIN  THE  SUPERSONIC  CHANNEL. 

Leonov  S.B.,  Savelkin  K.  V.,  Firsov  A. A. 

The  possibility  to  determine  the  temperature  of  the  wall  inside  the  supersonic  channel 
under  different  experimental  conditions  by  non-contact  method  is  described. 

Infrared  thermal  imager  Thermo  View  Ti30  is  used  for  determination  of  the  surface 
temperature.  The  characteristics  of  the  device  are  the  following:  operating  spectral  range  of  7- 
14  microns,  temperature  measurement  interval  of  0  -  250  °C,  matrix  of  160x120  pixels  and 
focus  from  0.61  m  to  infinity.  It  is  not  technically  possible  to  place  the  thermal  imager  inside 
the  supersonic  channel  with  the  cross-section  of  70x60  mm.  Due  to  the  fact  that  most 
materials  are  not  transparent  in  the  spectral  range  mentioned  above  a  combined  optical 
window  with  0  30mm  inset  from  zinc  selenide  (SeZn),  which  skips  over  70%  in  the  range  of 
wavelengths,  is  applied.  In  later  experiments  monolithic  window  of  SeZn  100  mm  in  diameter 
was  used  to  increase  the  field  of  vision.  Due  to  the  fact  that  the  window  reduces  the 
temperature  measured  the  correction  curve  was  experimentally  determined  by  simultaneously 
measurements  of  soldering  iron  temperature  through  the  window  and  without  it.  In  the 
temperature  range  of  150  -  250  °C  the  difference  was  about  35  °C.  A  one  thermogram  per 
experiment  was  got  due  to  absence  of  the  special  synchronization  mode  and  ability  of  the 
thermal  system  to  work  only  in  the  frame  mode.  Accurate  quantitative  comparison  of  different 
experimental  conditions  is  not  allowed  because  of  difficulties  with  the  sync;  however  the 
experiments  made  it  possible  to  qualitatively  describe  the  effects  observed.  In  the  experiments 
the  electrodes  were  located  on  the  wall  of  the  channel,  and  the  fuel  was  injected  through  the 
holes  in  the  same  wall  downstream. 
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The  results  obtained  let  us  suggest  that  injected  fuel  cools  the  wall  of  the  channel:  at 
the  same  parameters  of  the  discharge  the  wall  temperature  downstream  the  area  of  fuel 
injection  for  the  experiment  without  fuel  is  considerably  higher  than  that  for  the  case  of  fuel 
injection  in  the  discharge  region.  The  maximum  temperatures  correspond  to  the  area  close  to 
the  electrodes  and  do  not  exceed  220  °C.  The  results  obtained  do  not  allow  for  a  confident 
conclusion  about  the  differences  in  the  cases  of  hydrogen  and  ethylene,  as  well  as  for  the  use 
of  heater.  The  results  indicate  that  differences  for  the  upper  areas  (area  of  electrodes  and  fuel 
injection)  are  not  significant. 

EECKOHTAKTHOE  OIIPEflEJIEHHE  TEMHEPATyPbl  CTEHKH 
CBEPX3BYKOBOH  KAMEPM  CTOPAHHH. 

Jleonoe  C.E.,  CaeenKUH  K.B.,  (Pupcoe  1.1. 

PfeynaeTca  bo3mo3khoctb  onpeAenemin  TeMnepaTypti  cTemcii  BHyTpn  cBepx3ByicoBoro 
KaHana  npn  pa3Hbix  ycnoBnax  SKcnepuMeHTa  SecKonraKTHbiM  cnocodoM. 

/fna  onpeAenemia  TeMnepaTypti  noBepxHocTH  Hcnonb3yeTca  HHiJipaKpacHbiu 
TenaoBH30p  Thermo ViewTM  Ti30,  padoTaiomHH  b  cneRTpantHOM  nnanasoHe  7-14  mkm, 
HHTepBaa  H3MepeHua  xoToporo  0  -  250  °C.  IIpH6op  uMeeT  MaTpnuy  160x120  Toneic  h 
(JiOKycHpyeTca  ot  61  cm  ao  SecKOHeuHOCTH.  TexHimecKii  He  npe^CTaBJiaeTca  B03MoacHbiM 
noMecTHTt  ero  BHyTpt  cBepx3ByKOBoro  KaHana,  nonepeuHoe  ceueHue  xoToporo  70x60  mm.  B 
CBa3H  c  TeM,  hto  SojitmHHCTBO  MaTepHajiOB  He  np03pauHti  b  Hcnojit3yeMOM  cneKTpajitHOM 
Anana30He,  ^aa  cteMKH  npHMeHanocb  KOM6HHHpoBaHHoe  onTnuecKoe  okho  co  BCTaBKoft  0 
30mm  H3  cejieHH^a  HHHKa  (SeZn),  nponycxaiomero  6oaee  70%  b  yxasaHHOM  HnrepBane  jxjmh 
bojih.  B  6onee  no3AHHx  3KcnepHMeHTax  ^aa  yBennueHna  noaa  o63opa  npHMeHanocb 
MOHOJiHTHoe  okho  H3  SeZn  HnaMeTpoM  100  mm.  B  CBa3H  c  TeM,  hto  okho  yMeHtmaeT 
H3MepaeMyio  TeMnepaTypy,  6tina  3KcnepHMeHTanbHo  onpe^eneHa  nonpaBOHHaa  KpHBaa: 
o^HOBpeMeHHO  H3Mepajiact  TeMnepaTypa  naajibHoii  jiaMnbi  nepei  ctckjio  h  6e3  Hero.  B 
HHTepBajre  TeMnepaTyp  150  -  250  °C  pa3Huua  cocTaBjiana  ~  35  °C.  B  cBa3H  c  TeM,  hto 
TenJIOBH30p  He  HMeeT  CneHUajlHSUpOBaHHOH  CHCTeMbI  CHHXpOHH3apHH  H  CteMKa  B03MOaCHa 
TOJibKo  b  noKaApoBOM  pencHMe,  3a  oahh  3KcnepHMeHT  cHHMajiacb  oAHa  TepMorpaMMa. 
CjIOXCHOCTH  C  CHHXpOHH3apHeH  He  n03BOJIHJIH  npOBeCTH  TOHHOe  KOJIHHeCTBeHHOe  cpaBHeHHe 
Ana  pa3Hbix  ycaoBHii  3KcnepHMeHTa,  OAHaKo  npoBeAeHHbie  3KcnepHMeHTti  AaJiu 
B03M0acH0CTb  KaHecTBeHHO  onHcaTb  Ha6jiK>AaeMbie  sijnjieKTbi.  B  npo  bo  ahmbix 
3KcnepHMeHTax  saeKTpoAti  pacnonaranncb  Ha  cTeHKe  KaHana,  a  TonjiHBo  noAaBanocb  uepe3 
OTBepCTHa  b  toh  ace  ctchkc  HHace  no  tchchhio. 

IIojiyHeHHbie  pe3yjibTaTbi  no3BOJiaioT  roBopHTb  o  tom,  hto  noAaBaeMoe  TonjiHBo 
oxnaacAaeT  CTeHKy  KaHana:  npn  OAHHaKOBbix  napaMeTpax  pa3paAa  TeMnepaTypa  ctchkh  b 
o6nacTH  HHace  30Hbi  noAanH  TonnHBa  Ana  cnynaa  6e3  TonnHBa  cymecTBeHHo  Bbirne,  neM 
TeMnepaTypa  b  cnynaax  nonann  TonnHBa  b  oSnacTb  ropeHHa  pa3paAa.  MaKCHManbHbie 
TeMnepaTypti  AOCTHraioTca  b  npronenpoAHon  o6nacTH  h  He  npeBbimaioT  220  °C. 
IIonyHeHHbie  pe3ynbTaTbi  He  no3BonaiOT  cnenaTb  yBepeHHbih  bbiboa  o  pa3nHHHax  Ana 
cnynaeB  BOAopoAa  h  sraneHa,  a  Taicace  AJia  cnynaeB  Hcnonb30BaHHa  noAorpeBaTena. 
Pe3yntTaTbi  CBHAeTenbCTByiOT  o  tom,  hto  pa3nHHHa  Ana  BepxHHX  o6nacTen  (oSnacTb 
sneKTpoAOB  h  noAanH  TonnHBa)  He  cymecTBeHHbi. 
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NONSTEADY-STATE  GAS  DISCHARGE  IN  LOW-CURRENT 
PLASMATRON  FOR  PLASMA  ASSISTED  COMBUSTION 

Yu.  D.  Korolev,  O.  B.  Frants,  N.  V.  Landl,  V.  G.  Geyman 

Institute  of  High  Current  Electronics  RAS,  Tomsk,  634055  Russia 

I.  B.  Matveev 

Applied  Plasma  Technologies  McLean,  VA,  22101  USA 

This  paper  deals  with  the  investigation  of  a  nonsteady- state  discharge  regimes  in  the 
plasmatron  as  applied  to  air-hydrocarbon  mixtures  [1].  The  electrode  system  is  based  on  the 
design  of  a  classical  coaxial  type  plasmatron.  Compared  with  a  thermal  plasmatron  mode,  the 
averaged  discharge  current  in  the  described  device  has  been  decreased  to  about  (0.1-  0.2)  A. 
In  these  conditions,  the  discharge  regime  can  be  interpreted  as  a  kind  of  glow  discharge  in  a 
vortex  gas  flow  with  the  random  transitions  from  glow  to  sparks.  If  we  consider  some  instant 
of  time  we  can  distinct  in  the  anode  nozzle  the  following  discharge  regions:  a  weakly  ionized 
gas  that  fills  the  plasmatron  anode  nozzle 
thus  forming  the  plasma  plume  and  a 
plasma  column  of  about  1  mm  in 
diameter  attached  to  the  cathode  and 
anode  spots.  Then  the  plasma  column 
(plasma  channel)  exists  on  a  background 
of  the  weakly-ionized  plume  and  a 
considerable  fraction  of  total  discharge 
current  to  the  anode  closes  via  this 
column. 

A  point  of  the  channel  current 
attachment  at  the  anode  surface  (anode 
spot)  can  move  over  the  surface  due  to 
gas  flow.  With  the  intent  of  diagnostics 
of  the  anode  spot  replacement  and  of  the 
current  redistribution  over  the  anode 
surface,  we  constructed  two-sectioned 
anode  whose  design  is  schematically 
shown  in  Fig.  1.  In  this  design,  the 
current  is  measured  separately  to  the 
anode  sections  A\  and  A2  by  means  of  the 
current  shunts  Rsi  =  1  Ohm  and  Rs2  =  1 
Ohm. 

In  Fig.l  we  can  see  that  just  before  the  instant  t\  the  current  flows  both  to  the  sections 
A\  and  A2.  The  instant  t\  corresponds  to  the  glow-to-spark  transition  as  a  result  of  which  the 
spark  channel  is  attached  to  section  A\.  Due  to  effect  of  the  gas  flow,  the  anode  spot  replaces 
over  the  anode  surface,  the  length  of  the  plasma  channel  increases  so  that  the  voltage  drop 
across  the  channel  increases  as  well.  It  is  seen,  that  the  new  transition  to  spark  appears  at 
instant  f. 

The  paper  presents  the  data  on  detail  investigation  of  the  nonsteady-state  properties  of 
the  discharge  with  a  use  of  the  above-described  method  and  with  a  use  of  discharge 
observation  by  means  of  CCD  camera. 

The  work  was  supported  by  the  Russian  Foundation  for  Basic  Research  under  the 
Grants  No  08-08-00121  and  No  09-08-99063. 


Fig.l.  Schematic  of  two-sectioned  anode  plasmatron  with 
separate  measurement  of  current  to  each  section  and 
example  of  the  voltage  and  current  waveforms.  Anode 
nozzle  diameter  is  5  mm,  anode  nozzle  length  is  10  mm. 
V0=3.0kV,  Rb  =13.6kQ  C=300pF,  gas  flow  G(air)  = 
lg/s. 
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1.  Yu.D.Korolev,O.B.Frants,  N.V.Landl,  V.G.Geyman,  and  I.B.Matveev,  Glow-  to-Spark 
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HECTAIJHOHAPHMH  rA30BEIH  PA3PH/1  B  CJIAEOTOHHOM 
IIJIA3MOTPOHE  IIJIA3MEHHOrO  nCW^EPyKAHMM 

TOPEHHil. 

IO. Kopojiee,  O.  E.  <I>pann,  H.  B.  Jlandjib,  B.  /  .  reuMan 

ItHCTHTyT  CHJIbHOTOHHOH  3JieKTpOHHKH  CO  PAH,  TOMCK,  634055  POCCHH 

I.  B.  Matveev 

Applied  Plasma  Technologies  McLean,  VA,  22101  USA 

CTaTta  nocBflmeHa  HCCJie^OBaHnio  HecTaunoHapHtix  pa3paAOB  b  njia3MOTpOHe 
npHMeHHTejitHo  k  yraeBOAopoACOAepacameii  cMecn  [1],  3a  ocHOBy  aaexTpoAHoft  chctcmbi 
B3»Ta  KOHCTpyKuna  xaaccHnecxoro  xoaxcnaabHoro  naa3MOTpOHa.  IIo  cpaBHemno  c  ayroBbiM 
njia3MaTpoHOM,  cpeAHHft  tok  pa3pa^a  b  ycTaHOBKe  Sbiji  yMeHtmeH  ao  (0,1  -  0,2)  A.  B  sthx 
ycnoBHax  pexcHM  pa3paAa  MoaceT  6bitb  HHTepnpeTHpoBaH  xax  paspaa  Tuna  TJieiomero  b 
BHxpeBOM  noToxe  ra3a  co  caynaftHBiMH  nepexoAaMH  H3  TJieiomero  pa3paaa  b  ncxpy.  B 
jik>6oh  MOMeHT  BpeMeHH  b  aHOAHOM  conjie  Moamo  pasannuTt  cneAyiomne  oSaacTH  pa3paAa: 
caa6oHOHH30BaHHtiH  ra3,  xoTopbift  3anoaHaeT  nonocTB  aHOAHoro  conaa,  TeM  caMBiM 
<J)opMnpya  naa3MeHHBiii  ([jaxea,  h  naa3MeHHbiii  CToa6  AnaMeipoM  npHMepHO  1  mm 
npHBa3  aHHBift  k  xaTOAHOMy  h  aHOAHOMy  naraaM.  TaKHM  o6pa30M,  Ha  (})OHe 
caa6oHOHH30BaHHoro  cftaxeaa  cymecTByeT  naa3MeHHaa  CToa6  (xaHaa),  npnaeM 
cymecTBeHHaa  nacTB  noaHoro  Toxa  pa3paAa  3aMBiKaeTca  Ha  aHOA  uepe3  stot  xaHaa. 

IIoa  ACHCTBueM  noTOKa  ra3a,  MecTO  npHBa3KH  Toxa  Ha  aHOAe  (aHOAHoe  naTHo)  mokct 
ABHraTBca  no  BHyTpeHHen  noBepxHocTH  conaa.  C  peaBio  AnamocTHKH  cMememia  aHOAHoro 
naraa  h  pacnpeAeaeHHa  Toxa  BAoaB  noBepxHocTH  aHOAa,  6bia  exoHCTpyHpOBaH 
AByxcexpHOHHBiH  aHOA,  cxeMaTHHHoe  H3o6paaceHHe  xoToporo  npHBeAeHo  Ha  puc.  1.  B  Taxon 
xoHCTpyxu;HH  tox,  TexymHH  Ha  cexHHH  A  i  h  Ai  H3MepaeTca  OTAcaBHO  nocpeACTBaM  toxobbix 
myHTOB  Asi  =  IOm  h  Rs 2  =  IOm. 

Ha  pHC.l  bhaho,  hto  HenocpeACTBeHHO  nepeA  momchtom  BpeMeHH  t\,  tox  TeneT  xax 
Ha  cexHHTo  A\  Tax  h  Ha  cexunTo  Ai.  Momcht  BpeMeHH  t\  cooTBeTCTByeT  nepexoAy  ot 
raeiomero  pa3paAa  b  ncxpy,  b  pe3yabTaTe  xoToporo  ncxpOBOH  xaHaa  npHBa3BiBaeTca  x 
cexijHH  A\.  IIoa  AencTBHeM  noToxa  ra3a  aHOAHoe  narao  nepeMemaeTca  baobb  noBepxHocTH 
aHOAa,  AJiHHa  naa3MeHHoro  xaHaaa  yBeanauBaeTca,  hto  bcact  x  yBeaHHeHHio  naAeHHa 
HanpaaceHHa  Ha  CToa6e.  CaeAyiomnn  nepexoA  b  ncxpy  nponcxoAHT  b  momcht  BpeMeHH  A 

B  CTaTBe  npeACTaBaeHbi  AaHHbie  o  AeTaabHOM  nccaeAOBaHHH  HecTannoHapHbix 
cbohctb  pa3paAa  npn  noMomH  onncaHHoro  MeTOAa,  a  Taxace  c  noMombio  CCD  xaMepbi. 

Pa6oTa  noAAepacaHa  Pocchhcxhm  Oohaom  OyHAaMCHTaaBHbix  HccaeAOBaHHii  b 
paMxax  rpaHAOB  N°  08-08-00121  h  N°  09-08-99063. 
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REGIMES  OF  DISCHARGE  BURNING  IN  HIGH-SPEED 
AIR/HYDROCARBONS  FLOWS 

B.  V.  Postnikov,  K.  A.  Lomanovich 

Institute  of  Theoretical  and  Applied  Mechanics  RAS,  Novosibirsk,  Russia 
Yu.  D.  Korolev,  O.  B.  Frants,  N.  V.  Landl,  V.  G.  Geyman 
Institute  of  High  Current  Electronics  RAS,  Tomsk,  634055  Russia 

This  paper  considers  the  investigations  of  the  effect  of  gas  flow  on  the  discharge 
properties  as  applied  to  air/hydrocarbon  mixtures.  The  electrode  arrangement  of  the  discharge 
gap  resembles  that  for  coaxial  arc  plasmatron.  However,  the  average  discharge  current  was 
rather  low  (of  about  0.1  A).  In  these  conditions,  the  gas  discharge  bums  in  specific  nonsteady 
state  regimes  [1],  The  experiments  have  been  carried  out  both  with  a  moderate  gas  flow 
velocities  (subsonic  flow)  and  with  a  supersonic  flow.  In  both  cases,  the  gas  flow  velocity 
strongly  affects  on  the  discharge  behavior.  In  particular,  the  gas  flow  forces  the  cathode  and 
the  anode  spots  to  move  over  the  electrode  surface.  Beside  that,  the  length  of  plasma  channel 
in  this  case  can  increase  with  time. 

One  of  the  experimental  arrangements  that  have  been  used  in  the  experiments  is 
shown  in  Fig.  1  [2],  The  electrodes  system  is  inserted  in  supersonic  nozzle.  Electrode 
geometry  provides  the  sharp  edges  so  that  the  cathode  and  anode  spots  are  localized  at  the 
edges.  Typical  gas  flow  was  up  to  10  g/s  with  a  static  gas  pressure  in  the  discharge  area  from 
3  to  15  mBar.  In  the  terms  of  gas  discharge,  here  we  deal  with  a  rather  low  reduced  gas 
pressure  (about  10  Torr  or  less). 


(a)  (b)  (c) 

(b) 


Fig.  1.  Schematic  of  electrode  system  arrangement  for  the  discharge  in  supersonic  gas  flow  and  the  side  view 
discharge  photographs.  1  -  anode  of  the  discharge  gap;  2  -  cathode;  3  -  discharge  area;  4  -  insulator,  (b)  - 
discharge  in  air  with  1.5  percent  of  propane;  (c)  -  air  with  4  percent  of  propane. 

Depending  on  gas  pressure,  gas  composition  and  flow  velocity  different  types  of 
discharges  have  been  revealed.  A  kind  of  steady  state  glow  is  characteristic  of  the  discharge  in 
air  and  in  air  with  a  low  percentage  of  hydrocarbons  (Fig.  lb).  An  increase  in  propane 
percentage  results  in  a  regime  of  nonsteady  state  discharge.  The  essence  of  this  regime  is 
appearance  of  the  spark  channels  on  background  of  glow  discharge  plasma  (Fig.  lc). 

The  experimental  data  on  transition  from  glow  mode  to  nonsteady  state  mode  of 
discharge  burning  are  presented  in  this  paper.  The  distinctive  features  of  discharge  in  subsonic 
and  supersonic  flow  are  discussed. 

The  work  was  supported  by  the  Russian  Foundation  for  Basic  Research  under  the 
Grants  No  08-08-00121  and  No  09-08-99063. 
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PE2KHMM  TOPEHHJI  PA3PJI£A  B  BbICOKOCKOPOCTHMX 
IIOTOKAX  B03AVXA  C  yrJIEBO^OPO^AMH 

E.  B.  YIocmnuKoe,  K.  A.  JIoMdHoeun 

Mncmumyrn  meopemunecKou  u  npwaiadnou  MexamiKu  PAH,  Hoeocudupcn,  Poccmun 

JO.  Jl-  Koponee,  O.  E.  <I>pani(,  H.  B.  Jlandnb,  B.  / .  /  cumciu 

Mncmumyrn  cwibnomonnou  iieKinponuKii  CO  PAH,  Tomck,  634055  Poccun 

B  CTaTte  npHBepeHbi  pe3yjibTaTbi  MCCJiepoBaHHa  no  bjihshhio  noTOxa  ra3a  Ha 
CBoftcTBa  pa3papa  b  cMecax  B03pyxa  c  yrjieBopopopaMH.  CucTeMa  ajiexTpopoB  pa3papHoro 
npoMeacyTxa  npepcTaBJiaeT  xoaxcHajibHbiii  pyroBoii  nna3MOTpOH.  OpHaxo  cpepHMii  tok 
pa3papa  6bur  pobojibho  hh3khm  (okojio  0,1  A).  B  sthx  ycjiOBuax  pa3pap  ropHT  b 
cnepH(J)HHecxoM  HecTauHOHapHOM  peacHMe  [1],  DxcnepHMenrbi  npOBopHJiHCb  xax  npn 
yMepeHHbix  cxopocTax  ra3a  (po3ByxoBbie  noTOKH),  Tax  h  npn  cBepx3ByKOBbix.  B  o6ohx 
cjiynaax  cxopocTb  noTOxa  ra3a  BJinaeT  Ha  noBepeHMC  pa3papa.  B  HacmocTH,  noTOx 
3acTaBjiaeT  xaTopHbie  h  aHopHbie  naraa  pBHraTbca  no  noBepxHocTH  ajiexTpopoB,  Tax  hto 
pjiHHa  njia3MeHHoro  xaHana  mokct  yBejiHHHBaTbca  co  BpeMeHeM. 

KoHCTpyxpna  ophoh  H3  axcnepHMeHTajibHbix  ycTaHOBox  npepcTaBjreHa  Ha  pnc.l  [2], 
CucTeMa  ajiexTpopoB  BCTpoeHa  b  CBepx3ByxoBoe  conno  tbxhm  o6pa30M,  hto  xaTopHbie  h 
aHo^Hbie  naraa  jioxajiH3yioTca  Ha  ocTpbix  xpoMxax  ajiexTpopoB.  Thhhhhbih  pacxop  ra3a 
cocTaBJiaji  po  10  r/c  npn  CTaranecxoM  paBJieHHH  ra3a  b  pa3papHoii  oSaacTH  ot  3  po  15  M6ap. 
B  TepMHHax  ra30Boro  pa3papa,  3pecb  mbi  HMeeM  peno  c  pobojibho  hh3xhm  paBnemieM  ra3a 
(oxojio  10  Top). 

B  3aBHCHM0CTH  ot  paBjiemra  ra3a,  cocTaBa  cMecn  h  cxopocra  noToxa  6buiu 
oSHapyaceHbi  pa3JiHHHbie  Tnnbi  pa3papoB.  Paipap  b  hhctom  B03pyxe  h  b  Bospyxe  c  hh3xhm 
copepacaHHeM  yraeBopopopoB  (puc.  16)  xapaxTepH3yeTca  noaBjieHHeM  cTapnoHapHoro 
pa3papa  rana  TJieioipero.  YBejiHHeHHe  copepacaHHa  nponaHa  b  cmcch  npHBopHT  x  peacmviy 
HecTapnoHapHoro  pa3papa.  CyTb  3Toro  peacHMa  coctoht  b  noaBjieHHH  ncxpoBbix  xaHaaoB  Ha 
<J)OHe  TJieioipero  paipapa  (puc.  lc). 

B  paHHoft  cTaTbe  npHBepeHbi  axcnepHMeHTajibHbie  paHHbie  no  nepexopy  H3  peacHMa 
TJieioipero  paipapa  b  peacHM  HecrapHOHapHoro  pa3papa.  06cyacpaiOTca  OTJiHHHTenbHbie 
oco6eHHocTH  pa3papa  b  po3ByxoBbix  h  cBepx3ByxoBbix  noToxax. 

Pa6oTa  noppepacaHa  npoexTaMH  POOH  N°  08-08-00121  h  N°  09-08-99063. 
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INTERACTION  THERMAL  VORTEXES  WITH  A  FLOW 

E.E.  Son,  D.  V.  Tereshonok 

dimon  ter@mail.ru 


Our  research  presents  the  efficiency  of  the  flow  control  through  the  thermal  influence 
on  the  flow.  Vorticity  is  generated  by  the  gravitation  force  and  the  thermal  source.  For  this 
reason  the  most  important  is  the  vorticity  equation  which  results  from  the  Navier-Stokes 
equation  by  applying  the  rotor  operation. 

— +(v-v)n  =  -^vpxVp+vAn 

dt  1  ’  p1 

For  any  barotropic  flow  density  is  the  function  of  pressure 

p  =  p(p )  VpxVp  =  0 


For  politropic  flow  p  =  const- p"  where  in  the  limiting  cases  of  adiabatic  flow 
n  =  y  =  Cp/Cv  for  isothermal  flow  n  =  1  and  no  vorticity  created. 

Using  equation  for  change  density  for  baroclinic  fluid  and  take  into  account  that 
important  only  first  term  we  will  have  equation  for  forticity: 


Wp  = 


f  dp^ 
ydTj 


VT  + 


rdp 

v  &  JT 


Vp 


—  +  (V-v)n  =  -^V\nTxVp  +  vAQ. 

8t  1  '  p 

The  energy  equation  for  temperature  has  the  form: 


In  the  boundary  layer  near  the  plane  wall  pressure  gradient  is  directed  against  the  flow 
velocity,  near  the  curvature  surface  the  part  of  the  pressure  gradient  is  directed  along  the 
normal  to  the  surface.  The  temperature  gradient  exist  in  the  cases  of  wall  heated  and 
convective  heat  transfer  to  the  gas,  usually  in  the  direction  normal  to  the  surface. 

The  main  idea  of  the  thermal  effect  is  interaction  between  gas  flow  and  generated 
vortex.  From  the  energetic  considerations  it  is  clear  that  there  is  an  energetic  limit  of  the 
source  power  which  determines  the  expediency  of  the  heat  using.  That  is  why  a  question 
about  form  of  the  impulse  for  more  effective  influence  on  the  flow  arises. 

B3AHMO£EHCTBHE  TEnjIOBLIX  BHXPEH  C  nOTOKOM. 

Con  3.E.,  TepeiuonoK  JJ.B. 

OHBT  PAH,  MocKBa 

/faHHaa  pa6oTa  nocBanjeHa  H3yneHmo  TennoBoro  B03^eHCTBHa  Ha  noTOK.  flo,n 
AeftcTBHe  rpaBHTaqnoHHoro  nojia  h  HCTOHHHKa  Tenna  b  noToxe  ra3a  o6pa3yeTca 
3aBHXpeHOCTB.  J\sm  noHUMamia  nponcxo^amux  npoueccoB,  cae^yeT  paccMOTpeTb 
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ypaBHeHHe  jpin  BHxpa,  KOTOpoe  ecTb  pe3yjibTaT  npHMeHeHHn  pOTOpa  k  ypaBHerono  HaBbe- 
CTOKca. 

— +  (E-V)q  =  -^VdxV»  +  vAQ 

8t  1  ’  p2 

/fna  jik)6oh  6apoTponHOH  jkh^kocth  njioTHocTb  ecTb  (JjyHxijHa  AaBjieHua 


p  =  p(p)  Vpx'Vp  =  0 

nojiHTponHHecKoro  TeHemia  p  =  const  •  p~n ,  c  npe^eubHbiMH  cnyuaaMH 
a^HaSaTHHecKoro  n  =  y  =  Cp/Cv  h  H30TepMHnecxoro  n  =  1  TeneHHH  3aBHxpeHHOCTH  Tax  xce 
HeT. 

Hcnojib3ya  ypaBHeHHe  jpin  H3MeHeHHa  hjiothocth  6apoxjiHHHHecxoH  xch^xocth,  h 
6epa  bo  BHHMaHHe,  hto  BaaceH  tojibko  nepBbrn  hjich,  nojiynHM  ypaBHeHHe  jpin  Q  : 


Vp  = 


dp_ 

8T 


VT  + 


^  8 p^ 

\dPjT 


Vp 


—  +  (V-V)Cl  =  -^V\nTxVp  +  vAQ 

8t  1  ’  p 

ypaBHeHHe  SHeprHH  jijm  TeMnepaTypbi  npeflCTaBJieHO  b  cjieayiomeH  cftopMe: 


pc„^-=pT^+^^v-^P+rh)-E'+Q^ 

B  norpaHHHHOM  cnoe  B03Jie  ctchxh  rpanueHT  ^aBJieHHfl  h  noTOK  ra3a  HanpaBJieHbi  b 
npoTHBonojioacHbie  CTopoHbi.  Ilpn  HajiHHHH  xpHBH3Hbi  noBepxHocTH  rpa^neHT  ^aBjieHHa 
6y^eT  HMeTb  cocTaBJiaiomyio  b^ojib  HOpMajiH.  Tpa^HeHT  TeMnepaTypbi  cymecTByeT  b  cjiynae 
HarpeBa  cTemoi  h  KOHBeKTHBHoro  pacnpocTpaHeHHa  Tenjia,  h  o6bihho  HanpaBjieH  no 
HOpMajiH  K  nOBepXHOCTH. 

rjiaBHaa  H^ea  TenjioBoro  B03^eHCTBHa  Ha  noTox  coctoht  bo  B3aHMOAencTBHH 
o6pa30BaHHoro  BHxpa  3a  chct  HarpeBa.  H3  3HepreTHnecxHx  cooSpaaceHHH,  acHO,  hto  6y^eT 
npe^ea  mohjhocth  HCTOHHHxa,  Bbirne  xoTopon  npHMeHeHHe  HarpeBa  He  aBjiaeTca 
ueaecoo6pa3HbiM.  IIoaTOMy  B03HHxaeT  Bonpoc,  o  cjiopMe  HMnyjibca  jpia  6ojiee 
3(JxlieXTHBHOrO  B03AeHCTBHa  Ha  nOTOX. 


SHOCK-WAVE  STRUCTURE  OF  RAREFIED  CHANNEL  FLOWS 
WITH  DIRECT  CURRENT  DISCHARGE  AND  MAGNETIC  FIELD 

S.  T.  Surzhikov,  J.S.Shang 
IPMech  RAS,  Moscow,  Russia 
Wright  State  University,  Dayton,  Ohio,  USA 

Review  of  general  results  obtained  at  computational  study  of  rarefied  channel  flows 
with  direct  current  discharge  and  magnetic  field  is  presented.  Electrodynamic  structure  of 
direct  current  discharges  (DCD)  in  rarefied  hypersonic  flows  is  analyzed  in  the  frame  of 
ambipolar  model  of  a  glow  discharge. 

Consideration  of  statement  and  numerical  simulation  results  for  several  configurations 
of  glow  discharges  inside  gasdynamic  channels  are  presented.  Schematics  of  solved  problems 
are  shown  in  Fig.l.  These  are: 

-  Surface  gas  discharges  inside  plane  channel  (a), 

-  Transversal  gas  discharges  with  magnetic  field  inside  plane  channel  (6), 
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-  Transversal  gas  discharges  inside  curvilinear  channel  (c,d)- 


Fig.  1  Schematics  of  hypersonic  channels  with  DCD  and  magnetic  field 


(d) 


1  1 

1  1  1  1  1  1  1  1  1  ■  1  ■  1 

Pm: 

l.DD 

1.3E  171  l.nr  1.43  173  3.14  3.5D  3.1  E  4.11  4.5  T  4.33  5.13  5.E4  E.DD 

x,  cm 


1  1 

1  1  1  1  1  1  1  1  III 

Pm: 

l.DD 

1.3E 

l.M  ID  r  1.43  173  3.14  3.5D  3.IE  4.11  4.51  4.33 

5.13  5.E4  E.DD 

e  2r 
«  1  =- 

q  - 1  1  1  1  1  I  1  1  '  '  I  '  '  1  1  I  I  1  1  1  1  I 


0  2  4  6  8  10  12  14  16  18  20 

x,  cm 


(b) 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

Rli:  1.5D  I.ir  3.14  3. SI  3.sr  4.34  4.M  9.01  5.43  5.11  E.  II  1.55  1. 33  M3  ME  ID  3  1.33  I.K  3.13  3.50 


e  2| 

u  1  g- 
>  0 


^ _ i _ I _ i _ i _ i _ i _ I _ i _ i _ i _ i _ I _ i _ i _ i _ i _ I _ i _ i _ i _ i _ I _ i _ i _ i _ i _ I _ i _ i _ i _ i _ L 


'''' 


0  2  4  6  8  10  12  14  16  18  20 


x,  cm 

Fig.  2  Pressure  inside  hypersonic  channel.  Calculation  with  the  Euler  (a)  and  Navier-Stokes  (b)  equations 
without  DCD,  and  with  DCD  (c)  at  electromotive  force  E=700  Volt 


(c) 
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Developed  numerical  simulation  model  is  presented  and  discussed.  This  model 
includes  Navier-Stokes  and  Euler  equations,  energy  conservation  equation,  continuity 
equation  for  charged  particles  in  ambipolar  approach  with  magnetic  field.  Real  thermo  physic 
properties  are  taken  into  account. 

Initial  condition  for  the  numerical  simulation  correspond  to  conditions  of  experimental 
research  described  in  Ref.  1 . 

As  an  example,  figs. 2  show  pressure  distribution  inside  curvilinear  hypersonic  channel 
without  gas  discharge  and  with  gas  discharge. 

It  is  shown  that  direct  current  discharge  can  be  used  for  modification  of  shock  wave 
structure  of  rarefied  channel  flows. 
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y^APHO-BOJIHOBAH  CTPYKTYPA  PA3PE2KEHHBIX 
rHIIEP3ByKOBMX  nOTOKOB  B  rA30£HHAMHHECKHX 
TPAKTAX  C  TJIEIOmHM  PA3PMAOM  H  MArHHTHBIM  IIOJIEM 

C.  T.  CypjKUKoe, ,  l.w.  C.  IIIshz 

HHCTinyr  npo6neM  MexamiKH  hm.  A.tO.HuuiHHCKoro  PAH,  r.  MocKBa 
Wright  State  University,  Dayton,  OHIO 

npeACTaBjieH  o63op  ochobhbix  pe3yjn>TaTOB,  nojryueHHbix  c  ucnojtb30BaHueM 
AByMepHOH  conpaatCHHoh  'uieicrpo-rasoniiHaMimecKoit  BbimtcjurrejibHOH  MOflenn  npn 
H3yneHHH  ra30AUHaMuuecKou  CTpyKTypbi  pa3peaceHHbix  rnnep3ByKOBbix  nOTOKOB  b 
ra30AHHaMHuecKHx  KaHanax  pa3JiHHHOH  KOH(J)nrypai];HH,  BHyipn  KOTOpbix  3aacHraeTca 
TjieiomHH  pa3pa,q.  FhyueHa  ajieKTpo^HHaMHuecKaa  CTpyKTypa  TneiomHx  pa3pa^0B  b  paMKax 
aMSnnojiapHoro  npHdjiHaceHHa  b  rnnep3ByKOBbix  noTOKax  pa3pea<eHHoro  ra3a. 

/faeTca  nocTaHOBKa  h  pemeHue  Kjiacca  3aAau  (cm.  cxeMbi  pemeHHbix  3a^aH  Ha 
pncyHKe)  06  y^apHO-BOJiHOBOH  CTpyKType  b  pa3peaceHHbix  rnnep3ByKOBbix  noTOKax  ra3a: 

—  b  nnocKOM  KaHane,  Ha  npoTHBonojio>KHbix  noBepxHOcrax  KOTOporo  pacnonoaceHbi 
ceKqHOHHpoBaHHbie  3jteKTpoAbi  Ana  co3^aHHa  HenpepbiBHoro  noBepxHocTHoro 
TJieiomero  pa3pa,a,a  (a), 

—  b  nnocKOM  KaHane,  Meac^y  neyMa  noBepxHOCTttMtt  KOTOporo  no,zmepacHBaeTca 
HenpepbiBHbiH  TjieiomHH  pa3pa,n  nonepeuHbiH  ra30B0My  noToxy  h  BHemHeMy 
MarHHTHOMy  nonio  Meac^y  HecHMMeipHHHoii  KOHcftHrypaiiHeH  ajiciaponoB:  Kama 
npe^cTaBjiaeT  co6oft  y3Kyio  nonocKy,  pacnojioaceHHyio  Ha  HuacHeii  noBepxHocTH  KaHana 
nonepex  ra30B0My  noTOKy,  a  BepxHaa  noBepxHOCTb  aBJiaeTca  cnjionmbiM  aHonoM  (6), 

—  b  KpHBOJiHHeifflOM  KaHane,  Ha  onHOii  H3  noBepxHOCTeii  KOTOporo  pacnonoaceHa 
KaTO^Haa  ceKutta  3JieKTpopa3pa,aHoro  npOMeacyTKa,  a  npyraa  noBepxHOCTb  aBJiaeTca 
aHojtoM  (B,r), 

Odcyac^aiOTCfl  oco6chhocth  Hcnojib3yeMOH  neyMepHoit  conpaateHHoii  aneKTpo- 
ra30^HHaMHHecK0H  Mo^ertH,  opueHTupoBaHHou  Ha  pacueT  3jieKTpo-ra30^HHaMHHecKHx 
npoueccoB  b  nnocKHx  h  KpHBOJiHHeiiHbix  oSnacTax,  BKJitOBatoiuaa  b  ce6a  ypaBHemta 
Hepa3pbiBH0CTH  h  HaBbe  -  CTOxca,  ypaBHemta  coxpaHemta  SHeprroi,  ypaBHemta 
Hepa3pbiBH0CTH  3apaaceHHbix  uacTuit  b  aMSttnojtapHOM  npH6jiHaceHHH  c  yueTOM 
nonepeuHoro  MarHHTHoro  nona.  YHTeHbi  peanbHbie  Tennoc|)H3HHecKHe  h  nepeHOCHbie 
CBOHCTBa. 
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Hcxo^Hbie  .qaHHbie  jura  HHCJieHHoro  HCCJiejjOBaHHJi  cooTBeTCTBOBajin  ycjiOBHBM 
3KcnepHMeHTajibHbix  Hccue^oBaHHH,  BtinojiHeHHBix  Ha  y^apHOH  Tpy6e  h  npeACTaBjieHHbie  b 
pa6oTe  [1], 

B  KanecTBe  npHMepa  Ha  pnc.2  noKa3aHbi  H3o6apbi  b  KpHBOJiHHeHHOM  KaHajie  6e3 
paspaaa  h  c  tjiciohihm  pa3p>moM  (c  a.^.c.  E=700  B,  3(J)(])eKTHBHOCTb  jjacoyneBa 
TenjiOBbiaejieHHfl  ?]  =0.25) 

IIoKa3aHO,  hto  Hcnojib30BaHHe  TJieiomero  pa3p>ma  b  pa3pe)KeHHOM  rHnep3ByKOBOM 
noToxe  no3BOJiaeT  3(})(})eKTHBHo  MOAHC^HunpoBaTb  y^apHo-BOJiHOByn)  CTpyKTypy  noTOKa. 

SIMULATION  OF  MICROWAVE  ENERGY  DEPOSITION  IN  AIR  AND 
APPLICATIONS  TO  FLOW  CONTROL 

I).  Knight 

Dept  of  Mechanical  and  Aerospace  Engineering,  Rutgers  University,  Piscataway,  NJ  08854  Email: 
dovleknight@gmail.com.  Telephone:  732  445  4464.  Faxsimile:  732  445  3124 

Y.  Kolesnichenko  and  V.  Brovkin 

Joint  Institute  of  High  Temperatures,  RAS,  Moscow  125412,  Russia 

V.  Lashkov  and  I.  Mashek 

St.  Petersburg  State  University,  St.  Petersburg  198504,  Russia 

A  fully  three-dimensional,  time-accurate  gas  dynamic  code  has  been  developed  for 
simulation  of  microwave  energy  deposition  in  air  and  the  interaction  of  the  microwave¬ 
generated  plasma  with  an  aerodynamic  body.  The  thermochemistry  model,  developed  at  the 
Joint  Institute  of  High  Temperatures,  incorporates  23  species  and  238  reactions.  The 
thermochemistry  model  has  been  validated  by  comparison  with  experiment  [1].  The  gas 
dynamic  code  has  been  applied  to  the  simulation  of  the  interaction  of  a  microwave-generated 
plasma  with  a  hemisphere  cylinder  at  Mach  2.1  corresponding  to  experiments  conducted  at  St. 
Petersburg  State  University  [2],  The  computed  surface  centerline  pressure  on  the  hemisphere 
shows  close  agreement  with  experiment.  Additional  computational  results  using  the  gas 
dynamic  code  will  be  presented. 
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Pa3pa6oTaH  TpexMepHbift,  Bbicoxoro  nopajjica  tohhocth  no  BpeMeHH 
ra30jjHHaMHnecKHH  Kojt  jjjia  MojjejmpoBaHHa  BbijjejieHHa  CBH  sHeprun  b  B03jjyxe  h 
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B3aHMoaeHCTBHfl  CBH  njia3Mbi  c  aapoAHHaMHuecKHM  TenoM.  TepMOXHMHHecKaa  MO^ejib, 
pa3BHTaa  b  OHBT  PAH,  BKjnoHaeT  b  ce6»  23  peareHTa  h  238  peaicuHH.  ,Z],ocTOBepHocTb 
TepMOXHMHnecKOH  moacjm  6bma  noflTBepacACHa  cpaBHemieM  c  3KcnepHMeHTOM. 
Pa3pa6oTaHHbiH  ra30AHHaMHuecKHH  koa  6bui  npHMeHeH  jum  MOAermpoBaHHa 
B3aHMOAeHCTBH»  CBH  nna3Mbi  c  TejiOM  b  BHAe  nojiyccftepbi-pHJiHHApa  b  noTOKe  c  hhcjiom 
Maxa  2.1,  cooTBeTCTByiomHM  3KcnepHMeHTaM,  npoBeAeHHbiM  b  C.-neTep6yprcKOM 
r ocyAapCTBeHHOM  YHHBepcHTeTe.  BbiHHCJieHHaa  3aBHCHMOCTb  AaBJieHHfl  b  Touice 
TopMoaceHHa  nojiyc(})epbi  ot  BpeMeHH  6jiH3Ka  k  siccnepHMeHTajibHo  3aperacTpHpoBaHHOH. 
ByAyT  npeACTaBJieHbi  h  Apyrne  pe3yjibTaTbi,  nojiyueimbie  c  Hcnojib30BaHHeM  KOAa. 


REGIMES  OF  FLOW  OVER  BODIES  FOR  UPSTREAM  ENERGY 
DEPOSITION  OF  VARIOUS  GEOMETRICAL  CONFIGURATIONS 

P.Yu.  Georgievsky 

Institute  for  Mechanics  of  Moscow  State  University 
V. A.  Levin 

Institute  for  Automation  and  Control  Processes  of  Russian  Academy  of  Sciences 

During  the  last  years  the  energy  deposition  into  a  localized  region  of  a  supersonic  flow  in 
particular  was  considered  as  the  method  for  the  improvement  of  aerodynamic  characteristics 
of  bodies.  The  effect  of  the  wave  drag  reduction  is  conditioned  by  the  interaction  of  the 
temperature  wake  (which  is  formed  downstream  the  energy  deposition  region)  with  the  shock 
layer  ahead  of  the  body.  The  key  factor  for  this  interaction  is  the  dynamic  pressure  decreasing 
that  is  occurred  in  the  temperature  wake. 

Depending  on  the  geometrical  configuration  of  the  energy  deposition  region  the 
consequences  of  this  interaction  may  vary.  In  the  present  paper  regimes  of  flow  past  bodies 
for  various  energy  deposition  geometrical  configurations  are  studied  focusing  on  the 
efficiency  in  view  of  the  wave  drag  reduction  and  stability  problems.  Some  regimes  were 
examined  previously  but  now  all  numerical  experiments  were  repeated  for  more  accuracy. 
Also  new  regimes  for  the  flow  past  blunt  and  streamlined  bodies  in  the  presence  of  the  energy 
deposition  in  the  toroidal-type  region  are  examined. 

The  “direct”  regime  of  wave  drag  reduction  is  realized  for  large  energy  deposition 
regions,  when  the  temperature  wake  contains  almost  the  whole  body.  The  flow  in  the  shock 
layer  near  the  body  looks  similar  to  the  usual  case  of  the  uniform  upstream  flow  of  the 
decreased  Mach  number.  The  efficiency  of  this  regime  is  moderate  -  the  saved  power  is  less 
than  the  power  input. 

The  regime  of  “front  separation”  was  realized  for  small  energy  deposition  regions  [1,2]. 
In  this  case  the  mechanism  of  the  wave  drag  reduction  is  the  formation  of  the  front  separation 
zones  ahead  of  bodies  as  the  result  of  the  interaction  of  the  thin  high  temperature  wake  with 
the  shock  layer.  The  less  is  the  temperature  wake  cross  size  the  higher  is  the  efficiency  of  the 
wave  drag  reduction,  because  the  static  pressure  inside  the  isobaric  front  separation  zone 
depends  on  the  dynamic  pressure  in  the  wake  only  [2],  But  the  much  problem  for  the  practice 
is  transversal  pulsing  instability  and  shift  layer  instability  which  were  observed  in  the 
numerical  experiments  for  blunt  and  streamlined  bodies. 
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SEE 


a)  "combined"  regime  A cx  =  43.7%,  ^  =  1.88 


c)  "front  separation"  regime  A cx  =  373%,  //  =  7.98 


Now  the  flow  past  bodies  in  the  presence 
of  the  energy  deposition  inside  the  toroidal- 
type  region  of  the  upstream  supersonic  flow  is 
examined.  The  primary  idea  was  to  use  the 
direct  effect  of  the  density  and  the  dynamic 
pressure  decreasing  in  the  tube-type 
temperature  wake  downstream  the  energy 
deposition  region  for  decreasing  the  static 
pressure  on  the  periphery  of  the  surface  - 
exactly  for  the  region  of  maximum  efficiency 
for  wave  drag  reduction  of  the  axisymmetric 
body.  Depending  on  the  parameters  of  the 
toroidal  energy  deposition  regions  different 
regimes  of  flow  were  realized  (Fig.  1) 

For  the  situation  when  the  toroid  radius  is 
large  the  Mach  reflection  near  the  symmetry 
axes  of  the  shock  generated  by  the  energy  input  was  observed  (Fig.  la).  This  regime  can  be 
identified  as  “combined”  because  two  factors  are  essential:  static  pressure  decreasing  on  the 
periphery  of  the  body  because  of  the  direct  interaction  with  the  tube-type  temperature  wake 
and  the  reorganization  of  the  flow  because  of  the  Mach  reflection  effect  (front  separation  zone 
formation).  For  the  case,  presented  in  Fig.  la  the  wave  drag  reduction  is  considerable  and  the 
efficiency  is  sufficient.  The  flow  structure  is  stable  and  in  addition  the  body  surface  is  isolated 
from  the  tube-type  high  temperature  wake  by  the  high  enthalpy  cold  stream. 

For  the  toroid  radius  value  when  the  Mach  shock  near  the  symmetry  axes  is  very  small, 
the  front  separation  region  was  not  appeared  (Fig.  lb).  In  this  case  the  sudden  expansion  of 
the  high  temperature  wake  during  the  interaction  with  the  bow  shock  ahead  of  the  sphere  was 
observed.  Similar  effect  of  “vortex  explosion”  was  analyzed  in  [3]  for  the  related  problem  of 
the  vortex  -  shock  wave  interaction.  The  regime  in  Fig.  lb  -  “wake  explosion”  is  very  stable, 
the  body  surface  is  isolated  from  the  high  temperature  wake,  the  wave  drag  reduction  is 
considerable  and  the  efficiency  is  acceptable. 

For  small  toroid  radius  the  front  separation  region  of  a  very  specific  type  with  the  central 
high  enthalpy  stream  is  appeared  (Fig.  lc).  The  shift  layer  instability  is  taking  place  and  the 
flow  is  unstable.  Nevertheless  the  wave  drag  reduction  is  considerable  and  the  efficiency 
coefficient  is  enough  high.  As  a  negative  factor  the  appearing  of  high  temperature  tongue 
which  reaches  the  body  surface  can  be  mentioned. 


b)  "wake  explosion"  regime  A cx  =  37.3%,  r/  =  2.66 
Fig-1.  Flow  regimes  for  toroidal-type  energy 
deposition  region  of  various  radiuses  (temperature 
and  velocity  fields). 
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PE2KHMM  OETEKAHHfl  TEJI  B  YCJIOBHBX  3HEPrOBKJIA^A 
PASJIH^HOH  rEOMETPHHECKOH  KOHOHrYPAIJHH  BBEPX IIO 

nOTOKY 

II.K).  reopzueecKuu 

HHCTHTyT  MexaHHKH  Mry 

B.A.  Jleeun 

HHCTHTyT  aBTOMaTHKH  h  nponeccoB  ynpaBJieHHH  ,D,BC)  PAH 

B  nocneAHue  ro^bi  OHeproBKjraA,  opraHH30BaHHbift  b  noicanrooBaHHOH  odnacTH 
CBepx3ByKOBoro  noTOKa,  paccMaTpHBaeTca,  b  uacTHocTu,  KaK  mctoa  ynyumeHHa 
aapoflHHaMHuecKHx  xapaKTepucTUK  Ten.  ScjnjjeRT  noHHaceHHa  conpoTHBneHHa  odycnoBneH 
B3aHMo^eHCTBHeM  TeMnepaTypHoro  cne^a  (rotopmh  <J)opMHpyeTca  3a  o6nacTbio 
3HeproBKJiana)  c  yqapHbiM  cnoeM  nepen  tcjiom.  KmoueBbiM  (J)aKTOpOM,  onpenenaioiunM 
TaKoe  B3auMOAeucTBue,  aBnaeTca  noHnaceHue  nojiHoro  ^aBjieHua,  KOTopoe  HadnroAaeTca  b 
TeMnepaTypHOM  cnene. 

B  3aBHCHM0CTH  ot  reoMeTpHuecKOH  KOHclmrypauuu  o6nacTH  aHeproBKnana  pe3ynbTaT 
BsauMoneilcTBun  mohcct  Sbitb  pa3JiHHHbiM.  B  HacToamen  CTaTbe  peacHMbi  odTexaHHa  Ten  ana 
pa3nuHHbTx  reoMeTpuuecKux  KOHclmrypauuu  3HeproBKna,na  nayuaTOTca  c  tohrh  3peHna 
3(j)(J)eKTHBHOCTH  noHHaceHHa  conpoTHBneHHa  h  npodneMbi  ycTOHHHBOCTH  nonynaioiHHxca  b 
HHcneHHbix  pacueTax  pemeHnn.  HcxoTopbie  peacHMbi  nccneAOBanncb  paHee,  ho  Tenepb  Bee 
pacneTbi  BbinonHeHbi  3aHOBO  nna  KOppeKTHOCTH  cpaBHemrii.  T axace  odHapyaceHbi  HOBbie 
pencHMbi  nna  odTeKaHna  3aTynneHHbix  h  3aocTpeHHbix  Ten  b  npucyTCTBuu  aHeproBKnana, 
opraHH30BaHHoro  b  ToponnanbHon  o6nacTH. 

PeacHM  «npaMoro  B03AeucTBua»  peann3yeTca  ^na  o6nacTeft  3HeproBRnana  6onbmoro 
pa3Mepa,  xorna  TeMnepaTypHbiil  cnen  conepacnr  ijenHROM  nouTH  Bee  Teno.  TeneHue  b 
y^apHOM  cnoe  nepen  TenoM  noxoace  Ha  to,  KOTopoe  HadnronaeTca  b  cnynae  o6TeKaHHa  Tena 
paBHOMepHHM  HaderaiOHiHM  noTOKOM  c  noHHaceHHbiM  3HaneHneM  nncna  Maxa. 
3(JxJ)eKTHBHocTb  noHHaceHHa  conpoTHBneHHa  ^na  Taxoro  peacHMa  HenocTaTOHHaa  - 
c3KOHOMneHHaa  mohihoctb  MeHbme  hcm  BnoaceHHaa. 

PeacHM  «nepe^Hero  0TpbiBa»  peanH3yeTca  ,qna  o6nacTeft  3HeproBxnana  Manoro  pa3Mepa 
[1,2].  B  3tom  cnynae  MexaHH3MOM  noHHaceHHa  conpoTHBneHHa  aBnaeTca  c|)opMHpOBaHHe 
nepe^Hux  oTpbiBHbix  30H  nepen  no6oBon  noBepxHocTbio  Ten  b  pe3ynbTaTe  BaaHMonencTBna 
tohroto  TeMnepaTypHoro  cnena  c  ynapHbiM  cnoeM.  HeM  MeHbme  nonepeuHbiH  pa3Mep 
TeMnepaTypHoro  cnena,  TeM  Bbime  3c|)(])eRTHBHOCTb  noHHaceHHa  conpoTHBneHHa,  TaR  Rax 
CTaTHnecRoe  naBneHne  BHyTpn  HaodapnnecROH  otpbibhoh  30hbi  3aBHCHT  TonbRo  ot  nonHoro 
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aaBJieHHfl  Ha  och  cjie^a  [2],  O^Haico  Ha  npaKTHKe  cepbe3HOH  npo6jieMOH  nBJiaiOTCfl 
nonepeHHaa  nyubcapHOHHaa  Hey ctohhhboctb  h  HeycToibiHBocTb  cabhtoboto  cjioa,  ROTopbie 
Ha6jHOflajiHCb  b  hhcjichhbix  pacueTax  hji%  3aTynjieHHbix  h  3aocTpeHHbix  Ten. 

Tenepb  H3yiiaeTca  o6TeKaHHe  Ten  b  npncyTCTBHH  b  npHcyTCTBHH  3HeproBRjia,n;a, 
opraHH30BaHHoro  b  ToponnanbHOH  o6nacTH  CBepx3ByKOBoro  Ha6eraK>iH;ero  noTOKa. 
nepBOHananbHaa  H^ea  3aKJHOiiajracb  b  Hcnonb30BaHHH  npaMoro  3<jx])eRTa  noHHnceHHa 
nnoTHOCTH  h  flHHaMHnecKoro  naBneHHa  b  meneBOM  aKcnanbHOM  TeMnepaTypHOM  cnene  bhh3 
no  noToxy  ot  o6nacTH  aHeproBRna^a  Ana  cHHaceHHa  cTaTuuecRoro  AaBjieHHa  Ha  nepHijiepuH 
noBepxHOCTH  Tena  -  to  ecTb  hmchho  TaM,  rne  3to  MaKCHManbHO  3c|)c|)eKTHBHO  nnn 
ocecHMMeTpHHHoro  Tena.  B  3aBHCHMOCTH  ot  napaMeTpoB  TopounajibHOH  o6nacTH 
peanH30Banncb  pa3JiHHHbiH  peacHMbi  odTeRamia  (Phc.  1). 

,H,nn  CHTyapHH,  Korna  pa^nyc  TOpa  BenHK,  HaSmo^aeTcn  MaxoBCKoe  OTpaaceHne  ot  och 
CHMMeTpHH  Kocoro  BHcauero  CRanKa,  creHepHpoBaHHoro  SHeproBRjiaAOM  (Phc.  la).  3tot 
pencHM  mohcho  Ha3BaTb  «ROM6HHHpOBaHHbiM»,  TaR  RaR  cymecTBeHHbiMH  aBJiaiOTca  nea 
(J)aRTopa:  nomiaceHHe  cTaTHuecRoro  naBjieHHa  Ha  nepuiJiepuH  Tena  H3-3a  npaMoro 
B03AencTBHa  TeMnepaTypHoro  cnena  h  peopraHH3au;Ha  Teuemia  H3-3a  MaxoBCRoro 
OTpanceHHa  ((JiopMupyeTca  nepeAHaa  oTpbiBHaa  30Ha).  /fna  cnynaa,  npeACTaBjreHHoro  Ha 
Phc.  la  AOCTHrayTO  3HauHTeJibHoe  CHHaceHHe  conpOTHBneHHa  npH  npneMneMOH 
3(J)(J)eRTHBHocTH.  CTpyRTypa  TeneHHa  CTaSnnbHa,  noBepxHocTb  Tena  H3onnpoBaHa  ot 
TeMnepaTypHoro  cnena  BbicoR03HTajibnHHHOH  xononHoil  CTpyeil. 

flna  3HaneHHa  pannyca  Topa,  Rorna  MaxoBCRaa  HoacRa  y  och  chmmctphh  Mana,  nepenHaa 
OTpbiBHaa  30Ha  He  cjiopMHpyeTca  (Phc.  16).  B  stom  cjiyuae  Ha6nionaeTca  BHe3anHoe 
p acniHp eHHe  TeMnepaTypHoro  cnena  npn  B3aHMoneHCTBHH  c  oTouienuiHM  cRauROM  nepen 
ctjiepOH.  rioxoacHH  acJxjieRT  «B3pbiBa  BHxpa»  aHanH3HpOBanca  b  [3]  nna  poncTBeHHoil 
npo6neMbi  B3aHMoneHCTBHa  BHxpa  c  ynapHoft  bojihoh.  PeacHM  «B3pbrea  cnena»,  noRaaaHHbiH 
Ha  Phc.  16,  CTa6nneH,  noBepxHocTb  Tena  H3onnpOBaHa  ot  TeMnepaTypHoro  cnena. 
flocTHrayTo  3HanHTenbHoe  cHHaceHHe  conpOTHBneHHa  npn  nocTaTOHHoft  3(})(})eRTHBH0CTH. 

,Zlna  Manoro  pannyca  Topa  (JiopMHpyeTca  nepenHaa  OTpbiBHaa  30Ha  cneaHcJinnecKoro 
THna  c  ueHTpanbHOH  BbicoRoaHTanbnHHHoft  npoTOHHoft  CTpyeil  (Phc.  1b).  HMeeT  MecTo 
cnBHroBaa  HeycTOHHHBOCTb,  h  TeneHne  b  uenoM  HecTa6HnbHO.  TeM  He  MeHee,  CHHaceHHe 
conpOTHBneHHa  -  3HanHTenbHoe,  a  3(})(})eRTHBH0CTb  -  BbicoRaa.  B  RanecTBe  HeramBHoro 
(jiaRTOpa  MoacHO  otmcthtb  Hannane  BbicoROTeMnepaTypHoro  «a3biRa»,  nocraraiomero 
noBepxHOCTH  Tena. 

HccnenoBaHna  nonnepacaHbi  Pocchhcrhm  (Jiohaom  ([jyHnaMeHTanbHbix  nccnenoBaHHH 
(08-01-00033),  OenepanbHbiM  arenrcTBOM  no  HayRe  h  HHHOBauuaM  MnHHCTepcTBa 
o6pa30BaHHa  PO  (HLU-319. 2008.1)  h  Pocchhcroh  aRaneMneii  HayR  (nporpaMMa  n09). 


INFLUENCE  OF  ENERGY  INPUT  UPSTREEM  THE  MODEL  ON  THE 

BASE  PRESSURE  VALUES. 


Lutsky  A.E. 

Keldysh  Institute  for  Applied  Mathematics  RAS,  Moscow. 

To  the  present  time  the  large  volume  of  numeral  and  experimental  researches  has 
been  executed  on  the  aerodynamic  flow  control  by  means  of  local  energy  deposition  into 
the  flow.  The  main  part  of  these  researches  concerns  the  drag  reduction  on  the  supersonic 
flight  regimes  due  to  recirculation  region  formation  caused  by  energy  deposition  upstream 
the  flying  vehicle  nose  [1-3].  Considerable  power  effectiveness  ((Do-Dq)*Uoo/Q  -  saved  and 
spend  power  ratio)  was  achieved  in  this  way.  Usually  energy  deposition  into  the  base  region 
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of  the  flow  is  studied  separately  [4],  Interaction  between  energy  deposition  upstream  the 
model  and  base  flow  is  not  understood  perfectly  yet. 

Some  results  concerning  this  question  are  presented  here.  The  supersonic  flow 

(Moo=2)  about  the  blunted  body  at  zero  attack  angle  was  investigated  numerically.  Finite  size 
steady  uniform  cylindrical  energy  source  upstream  the  nose  has  been  considered  -  Fig.  1 . 
Numerical  solutions  of  Euler,  Navier-Stokes  and  Reynolds  equation  with  k-e  model  of 
turbulence  have  been  computed  and  systematically  compared.  The  results  for  Reynolds 
equation  with  k-e  model  of  turbulence  are  shown  below. 


0.4 


> 


0.2 


0 


Fig.  1.  Density  distribution  for  the  flow  without  (left)  and  with  (right)  energy  deposition. 

Recirculation  region  formation  before  the  nose  results  in  the  pressure  diminishing  on 
the  front  part  of  model  surface  -  Fig2..  Consequently  substantial  drag  reduction  is  achieved. 
Power  effectiveness  exceeds  5  times. 

The  base  flows  for  the  both  cases  (without  and  with  energy  deposition)  are  quite 
similar.  Insignificant  diminishing  of  the  base  pressure  near  the  symmetry  axis  (Fig.2) 
practically  does  not  have  influence  on  the  drag  reduction. 

The  work  was  supported  by  RFBR  grant  08-08-00356  and  Program  of  Fundamental 
Researches  RAS  Nil,  section  1. 


Fig.2.  Pressure  distribution  along  the  nose  (left)  and  base  (right)  parts  of  the  body. 
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B.1HHHHF  n  04  BOA  A  AHEPTHM  FIE  PEA  HOCOBOH  MACThK) 
MOAEJIH  HA  BEJIHHHHY  AOHHOrO  AABAEHHfl. 

Jlyi^Kuu  A.E. 

HHCTHTyT  npnKJia/iHOH  MaTeMaraKH  hm.  M.B.Keimbima  PAH. 

K  HacToameMy  BpeMCHH  BtmojmeH  6oabinoH  o6teM  HHcaeHHbix  h 
OKcnepHMeHTajiBHBix  HccaeaoBaHHH  no  ynpaBjieHmo  aspoanHaMHHecKHMH 
xapaKTepucTHKaMH  oSbcktob  nyreM  aoicaaH30BaHHoro  BBoaa  OHepmu  b  HaderaroniHH 
noTOK.  Eoabiuaa  uacTb  [1]  HccaeaoBaHHH  cBa3aHa  c  yMeHbmeHne  BOJiHOBoro  conpoTHBaeHHa 
Ha  CBepx3ByKOBbix  peacHMax  3a  cueT  nepecTpoincH  TeueiiHa  nepea  hocoboh  uacra  c 
(J)opMHpoBaHHe  o6jiacTH  oTpbrea  h  B03BpaTHoro  TeneHHa.  HMeeTca  Taicace  paa  pa6oT  [2], 
nocBameHHbix  BBoay  SHeprHH  b  aomiyio  odaacTb  o6bCKTa.  OcHOBHaa  uacTb  MCcaeaoBaHMM 
BbinoaHeHa  b  anyMepHoft  nocTaHOBe.  Bonpocbi  BanaHna  Baoacemia  3Heprnn  Ha 
TpexMepHyio  KapTHHy  TeueHHa  usyneHbi  k  HacToameMy  BpeMeHH  b  3HauHTejibHOH  MeHbmeii 
CTeneHH.  3to  KacaeTca,  b  aacTHocTH,  BanaHna  pa3paaa  Ha  noateMHyio  cnay, 
aspo^HHaMHuecKoe  KanecTBO,  BHxpeBbie  CTpyKTypbi,  B3aHMoaeiicTBHa  yaapHbix  bojih  c 
norpaHHHHbiM  caoeM  Ha  noBepxHocTH  JIA.  FhvieioTca  siccnepHMeHTaabHbie  aaHHbie  (HTFIM 
hm.  C.A.XpHCTHaHOBHna  CO  PAH)  o  tom,  hto  cpaBHHTejibHO  Maaoe  BJioaceHHe  SHeprHH 
b6jih3h  noBepxHocTH  KOHyca  npuBoauT  k  cymecTBeHHOH  nepecTpoiuce  BHxpeBbix  cTpyKTyp  h 
H3MeHeHHK>  aspoaHHaMHHecKHx  xapaKTepncTHK  {3],  AHajiorHHHbie  aaHHbie  nojiyneHbi  [4]  b 
OTHomeHHH  3HepreTHHecKoro  B03aeiicTBHa  Ha  BHxpn  Ha  noaBeTpeHHoft  cTopoHe 
TpeyroabHoro  KpbiJia. 

CneunajTbHbiH  HHTepec  npeacTaBaaeT  BjinaHne  noaBoaa  OHeprun  nepea  hocoboh 
nacTbio  MO^ejiH  Ha  BenHHHHy  aomioro  aaBJieHHa.  B  HacToameii  padoTe  stot  Bonpoc 
HccaeayeTca  Ha  npHMepe  o6TeKaHHa  Moaean  KOHeuHbix  pa3MepoB  (pnc.l )  Ha  cBepx3ByKOBOM 
peacHMe  (M=2).  npoBeaeH  pacueT  h  CHCTeMaTHnecKoe  cpaBHemie  ancneHHbix  pemcHHii 
ypaBHeHHH  Sftaepa,  HaBbe-CTOKca  h  ycpeaHeHHbix  ypaBHeHHii  Peimonbaca  c  K-e  Moaeabio 
TypdyaeHTHOCTH.  OopMupoBaHne  odaacTH  OTpbiBa  nepea  hocoboh  nacTbio  npHBoaHT  k 
eymecTBCHHOMy  yMeHbmeHHio  aaBaeHna  (pnc.2)  h  CHnaceHmo  bohhoboto  conpoTHBaeHHa. 
3(J)c|)eKTHBHOCTb  SHeproBaoaceHHa  npeBbimaeT  5  pa3.  HesHaanTeabHbin  pocT  aoHHoro 
aaBaeHna  (pHc.2)npaKTHuecKH  He  OKa3biBaeT  BanaHna  Ha  yMeHbmeHHe  noaHoro 
conpoTHBaeHHa  Moaean. 

Pa6oTa  BbinoaHeHa  npn  noaaep'/KKe  PdxbH  rpaHT  08-08-00356-a  h  nporpaMMbi 
(JjyHaaMeHTaabHbix  HccaeaoBaHHH  npe3HanyMa  PAH  N°  1 1 ,  pasaea  1 . 
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A  STATIONARY  HEAT  SOURCE  IN  THE  SUPERSONIC  FLOW 

Kogan  M.N.,  Kucherov  A.N. 

Central  Aerohydrodynamic  institute  (TsAGI)  n.a.  N.E.  Zhukovsky 
Zhukovsky,  Moscow  region,  Russia 

e-mail:  mkogan^aerocentr. msksu ,  ank^AewcentrMisksu  ,  Fax:  (495)  7776332 

The  similarity  and  the  difference  between  three-,  two-  and  one-dimensional  cases  of 
stationary  flow  in  the  space  of  a  heat  source  with  a  prescribed  distributed  intensity  g=go/[x,y,z ) 
(go,W/m3 4 5  is  the  characteristic  value,  /  is  the  nondimensional  function)  are  investigated.  Heat 
sources  are  used  in  the  problems  of  aircraft  blowing  by  the  supersonic  flow  to  reduce  the 
drag,  increase  the  lift  and  arrange  the  airplane  control  [1-3]. 

A  weak  energy  source  (in  which  addition  of  energy  per  unit  time  and  per  unit  volume 
is  small  as  compared  to  the  inner  energy  flow  or  enthalpy  flow  of  an  undisturbed  gas)  permits 
continuous  solutions  for  the  three-dimensional  case  in  the  first  approximation  for  the 
disturbed  gasdynamic  values  -  density,  pressure  and  velocity.  In  the  two-  and  one¬ 
dimensional  cases  at  the  speed  of  free  stream  (undisturbed  flow)  near  the  sound  speed 
(transonic  flow)  stationary  shock  waves  are  possible  in  the  flow  field  of  the  heat  source.  In  the 
first  turn  we  bear  in  mind  the  front  straight  shock  wave. 

For  the  strong  heat  source  stationary  flows  with  shock  waves  are  possible.  In  the  one¬ 
dimensional  case  the  problem  is  reduced  to  square  [4]  or  cubic  [5]  equations  (if  g=pr/(/fx,y,z), 
go-W/kg).  If  the  value  of  the  similarity  number  G=(y-l)rogo/wopo  is  less  than  the  critical  one 
Gcr=  y(Mo1 2-1)2/2(y+1)Mo2,  then  front  shock  waves  are  possible  behind  the  heat  release  area 
(detonation  waves).  For  the  case  G>Gcr  there  is  no  stationary  solution.  This  phenomenon  was 
called  heat  crisis  [6], 

For  the  two-dimensional  and  three-dimensional  cases  the  critical  values  G*  (that  is  the 
threshold  of  the  straight  front  shock  wave  arising  in  the  heat  source  field  [2])  depending  on 
the  Mach  number  of  the  undisturbed  flow  are  investigated.  In  the  two-dimensional  case  G*  is 
higher  than  in  the  one-dimensional  case,  but  lower  than  in  the  three-dimensional  one.  At  the 
intensity  g=g</  (per  unit  time  and  per  unit  volume),  G*  is  higher  than  for  the  variant  g=pq<f 
(per  unit  mass)  for  the  three-dimensional,  two-dimensional  and  one-dimensional  cases. 

The  regime  of  continuous  transition  from  the  supersonic  to  the  subsonic  flow  in  the 
heat  source  flow  field  [7]  for  the  two-dimensional  case  is  realized  at  the  slightly  higher 
relative  aspect  ratio  l/ro  than  in  the  three-dimensional  case  (here  l  is  the  longitudinal  typical 
size  in  the  flow  direction,  ro  is  the  perpendicular  one).  This  is  caused  by  the  less  space 
expansion  in  the  two-dimensional  case  at  the  same  energy  addition. 

The  dependence  of  the  energy  addition  parameter  G*  on  the  ratio  of  specific  heats  y 
was  investigated.  As  y  increases,  i.e.  at  the  transition  from  multi-atomic  molecules  (y— >1)  to 
single  atomic  ones  (y— >1.67)),  G*  grows,  for  example,  in  the  two-dimensional  case  for  Mo=1.5 
its  value  increases  from  0.82  (y=1.01)  to  1.11  (y=1.667). 

The  work  was  supported  by  the  State  Program  of  Leading  Scientific  Schools  (grant 
Scientific  Schools  HIII-4272.2006.1)  and  Program  N°  n-09  of  the  Presidium  of  the  Russian 
Academy  of  Science. 

1.  Chemyi  G.G.  The  impact  of  the  electromagnetic  energy  addition  to  air  near  the  flying 
body  on  its  aerodynamic  characteristics  /  Proc.  2-nd  Weakly  Ionized  Gases  Workshop, 
Norfolk,  VA,  AIAA  Publication,  1998,  Vol.  I.,  P.  1-31; 

2.  Georgievsky  P.  Yu.,  Levin  V.  A.  //  Fluid  Dynamics.  2003.  N  5.  P.  140-153. 
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CTAIJHOHAPHMH  TEIIJIOBOH  HCTOHHHK  B  CBEP3BYKOBOM 

nOTOKE 


K 02 an  M.H. ,  Kynepoe  A.H. 

IjeHmpajibHbiu  AsposudpodunaMUHecKuu  UHcmumym  um  H.E.  DKyRoscKoao, 

140180  MyKoecKuu,  Mockobckou  o6ji.,  Poccuh 

HccjieAOBaHBi  cxo^CTBa  h  otjihhha  CTaijHOHapHoro  TeneHra  b  OKpecTHOCTH 

'j 

TennoBoro  HCTOHHHKa  c  3aaamibiM  pacnpeaeaemieM  hhtchchbhocth  g=gyf{x,y,z )  (go,  Bt/m  - 
xapaKTepHoe  3HaneHue,  /  -  6e3pa3MepHa»  (jiymajHa)  ^jia  TpexMepHoro,  aByxMepHoro  h 
o^HOMepHoro  caynaeB.  Hctohhhkh  TenaoBbiaeaeHMx  Hcnoab3yiOTCJi  b  3aaanax  oSTeKamni 
JIA  CBepx3ByKOBtiM  noTOKOM  ^jia  yMeHtmeHHa  conpoTHBjiemia,  yBeanneHna  noabeMHoii 
chjibi  hjih  b  KanecTBe  opraHa  ynpaBJieHHa  [1-3]. 

Caa6bift  hctohhhk  3HepronoABOAa  (b  kotopom  3Heprna,  noaeoaHMaa  b  eauHnuy 
o6beMa  b  e^HHHHy  BpeMeHH,  Maaa  no  cpaBHeHHio  c  noTOKOM  BHyTpeHHeii  mepnin  hjih 
3HTajibnHH  HeB03MymeHHoro  ra3a)  aonycKaeT  ^jia  TpexMepHoro  BapHanra  HenpepbiBHbie  b 
maBHOM  npHbjiHaceHHH  pememui  ana  B03MymeHHH  ra3oaHHaMHnecKHx  napaMeTpOB  - 
njioTHocTH,  aaBaemia,  ckopocth.  B  asyxMepHOM  h  oaHOMepHOM  BapnaHTe  npn  ckopocth 
HaSeraiomero  noTOKa,  6hh3koh  k  ckopocth  3Byxa  (TpaHC3ByKOBoe  tchchhc),  B03MoacHbi 
CTauHOHapHbTe  yaapHbie  BoaHbi  b  none  HCTOHHHKa.  B  nepByio  onepeat  pem>  naeT  o  npaMOM 
roaoBHOM  CKaHKe  ynaoTHeHHa. 

flaa  cnabHoro  hctohhhkb  TenaoBbiaeaeHHa  B03MoacHbi  cTapHOHapHbie  TeneHHa  c 
yaapHbiMH  BOJiHaMH.  B  o^HOMepHOM  BapnaHTe  3aaana  CBoaHTca  k  KBaaparaoMy  [4]  nan 
Ky6nHecKOMy  ypaBHeHHio  [5]  (npn  g=pc/Q/(x,y,z),  ^o-Bt/kt).  Ecan  BeananHa  6e3pa3MepHoro 

napaMeipa  noao6na  G=(y-l)rogo/woPo  MeHbme  kphthhcckoto  3HaaeHHa,  G<Gcr=y(M0  - 

2  2 

1)  /2(y+l)Mo  ,  to  B03M0acHbi  yaapHbie  BoaHbi  Ha  cjipOHTe  o6aacTH  TenaoBbiaeaeHHa  (t.h. 
peacHM  aeTOHapHH).  Ilpn  G>Gcr  CTapnoHapHoe  pemeHne  He  cymecTByeT,  aBaeHne  HaiBaan 
TenaOBbIM  KpH3HCOM  [6], 

flaa  aByxMepHoro  h  TpexMepHoro  BapnaHTOB  nccaeaoBaHbi  3aBHCHM0CTH 
KpHTHnecKHx  3HaneHHH  6e3pa3MepHoro  napaMeTpa  noaoSna  G*  (nopor,  Bbime  xoToporo 
B03HHKaeT  npaMoft  cKaaox  ynaoTHeHHa  b  noae  HCTOHHHKa,  cm.  [2])  ot  nncaa  Maxa  Mo 
HaSeraiomero  HeB03MymeHHoro  noTOxa.  B  asyxMepHOM  cayaae  iHaaeHMa  G*  Bbime,  aeM  b 
oaHOMepHOM,  ho  MeHbme,  aeM  b  TpexMepHOM.  Ilpn  hhtchchbhocth  g=gof,  3aaaHHoii  Ha 
eaHHHity  o6beMa,  maaeHHa  G*  Bbime,  aeM  npn  g=pcgf  (3aaaHHoii  Ha  eanHnuy  Maccbi)  b 
TpeXMepHOM,  aByXMepHOM  H  OaHOMepHOM  BapHaHTaX. 

PeacHM  HenpepbiBHoro  nepexoaa  ot  cBepx3ByKOBoro  TeaeHHa  k  ao3ByKOBOMy 
TeHeHHio  b  noae  HCTOHHHKa  [7]  b  cayaae  aByxMepHoro  HCTOHHHKa  peaaH3yeTca  npn 
OTHocHTeabHbix  yaaHHeHHax  l/ro,  6oabmnx,  neM  b  cayaae  TpexMepHoro  HCTOHHHKa  (3aecb  / 
-npoaoabHbiii  no  noTOKy  xapaKTepHbiii  pa3Mep,  ly-  nonepeHHbift).  3to  cBa3aHo  c  MeHbiiiHM 
npocTpaHCTBeHHbiM  pacmnpeHHH  b  aByxMepHOM  BapnaHTe  npn  oanHaKOBon  noaBeaeHHoft 
SHepTHH. 

HccaeaoBaHbi  3aBHCHM0CTH  KpHTHnecKHx  3HaneHHH  napaMeTpa  3HepronoaBoaa  G*  ot 
nocTOHHHoii  aanabaTbi  y.  C  poctom  iHaneHMii  y,  T.e.  npn  nepexoae  ot  MHoroaTOMHbix  ra30B 
(y— >1)  k  oaHoaTOMHOMy  (y— >1.67)  BeananHa  G*  pacTeT,  HanpHMep,  b  aByxMepHOM  cayaae 
npHMo=1.5  ot  0.82  (y=1.01)  ao  1.11  (y=1.667). 
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Pa6oTa  BbinonHeHa  npn  no,zmep}xxe  T ocy^apcTBCHHon  nporpaMMbi  Be^ymHx 
HayHHtix  niKon  (rpaHT  HIII-4272.2006.1)  h  nporpaMMbi  JVb  11-09  npe3H^HyMa  PAH. 


STUDY  OF  PLASMA  ACTUATOR  DRIVEN  BY  SURFACE  HF 

DISCHARGE 

Kasansky  P.,  Klimov  A.,  Moralev  I 

Recently,  there  is  a  wide  interest  towards  flow  control  by  means  of  gas  discharge 
plasma  generation.  This  work  is  a  continuation  of  previous  investigations,  focused  on 
development  of  plasma  actuator  based  on  the  surface  HF  discharge. 

Study  of  plasma  actuator  based  on  the  surface  HF  discharge  was  performed  on  the 
plates  with  sharp  leading  edge,  in  a  velocity  range  up  to  30m/s  at  atmospheric  pressure  and  Re 
~  2.7  -  5  x  105. 

It  is  shown,  that  by  means  of  surface  HF  discharge  it  is  possible  to  enhance 
momentum  transfer  towards  the  boundary  layer  from  the  flow  core,  and  to  increase  the  angle 
of  stall. 

Flow  visualization  is  realized  by  means  of  acetone  addition  to  the  flow  with  248nm 
laser  sheet  used  for  excitation  and  by  shadowgraphy. 

HF  discharge  with  a  career  frequency  of  500kHz  was  created  with  a  burst  repetition 
rate  of  10-2000  Hz.  Several  discharge  parameters  were  obtained  in  the  experiment: 
propagation  velocity  of  the  discharge  along  the  plate,  current  and  voltage  curves. 

1 .  Surface  HF  Plasma  Aerodynamic  Actuator  Klimov  A.,  Bityurin  V.,  Moralev  I.,  Tolkunov 
B.,  Zhirnov  K.,  AIAA  2008-141 1. 

HCCJIE^OBAHHE  njIA3MEHHOrO  AKTYATOPA  HA  OCHOBE 
nOBEPXHOCTHOrO  BH  PA3PH£A 

Ka3aucKuu  II.,  Kjiumob  A.,  Mopanee  H. 

B  HacToainee  BpeMa  b  MHpe  HadmoflaeTca  mnpOKHH  mrrepec  k  ynpaBJieHHio 
noTOKOM  c  noMOiubio  ra30pa3paflH0H  nna3Mbi.  ,H,aHHaa  padoTa  aBJiaeTca  npoflorDKeimeM 
npeAbwyinnx  HccjieAOBaHHH  [1],  HanpaBjieHHbix  Ha  co3AaHue  njia3MeHHoro  axTyaTopa  Ha 
ocHOBe  noBepxHOCTHoro  BH  pa3pa.na 

IfccjreAOBaHue  njia3MeHHoro  axTyaTopa  Ha  ocHOBe  noBepxHOCTHoro  BH  pa3pana 
npoBO^HJiocb  Ha  nnacTHHax  c  ocTpoii  KpOMKoii  b  ^HanaaoHe  CKOpocTeii  no  30m/c  npn 
HaBjieHHH  1  aTM  h  Re  ~  2.7  -  5  x  105. 

noKa3aHO,  hto  Hcnojib30BaHHe  nonepeuHoro  noBepxHOCTHoro  BH  pa3pana 
no3BOJiaeT  ycnjiHTb  nepeHoc  HMnyjibca  H3  anpa  noToxa  b  norpaHHHHbift  cjtoh,  h,  yBennuHTb 
OTana30H  yraoB,  npn  KOTOpbix  peajiH3yeTca  peacHM  6e30TpbiBHoro  odTexamia  njiacTHHbi. 

PeajiH30BaHa  BH3yajTH3aima  oTpbiBa  noToxa  ot  nepenHeft  xpoMxn  njiacTHHbi  c 
noMOiubio  nodaBXH  Manbix  xonmiecTB  aneTOHa  b  3acTOHHyio  30Hy,  c  noncBeTxoii  jia3epHbiM 
HOXCOM  C  flJIHHOH  BOJIHbl  248  HM. 

BH  pa3pan  c  Hecymeft  nacTOTou  500  xrn;  ocymecTBjiajica  b  peacHMe  BHeimieH 
MOflyaapHH  c  nacTOTOH  10-2000  Tu;.  B  axcnepHMeHTe  nojiyneHbi  HexoTopbie 
xapaxTepHCTHXH  pa3pana:  cxopocTb  pacnpocTpaHeHHa  b^ojib  njiacTHHbi,  xpHBbie  Toxa  h 
HanpaaceHHa. 
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SUPERSONIC  AIRFLOW  AROUND  AIRFOIL  WITH  SLIDING 
DISCHARGE  INITIATION  ON  ITS  SURFACE 

(..V.  Saveliev1,  I  ..S’.  Aksenov2,  .V.l.  Gubin2,  V.  V.  Golub3,  V. A.  Sechenov1,  E.E.  Son3 
'Moscow  Institute  of  Physics  and  Technology 
2Moscow  Engineering  Physics  Institute 
3  Joint  Institute  of  High  Temperatures  RAS 

Last  decade  is  characterized  by  rapid  semiconductor  electronics  development.  For 
instance,  high  voltage  power  supplies  became  more  compact  and  lighter,  their  efficiency 
factor  approaches  100  percent.  In  connection  with  this  circumstance  it  became  possible  to 
create  plasma  formations  with  the  high  voltage  generators  of  plasma:  actuators  based  on 
dielectric  barrier  discharge,  microwave  discharge,  plasmatron  technology  etc.  Among  all 
electrical  discharges  in  gas  it  is  necessary  to  note  the  sliding  discharge  on  conducting  surface, 
because  its  most  notable  advantage  is  the  low  breakdown  voltage  that  doesn’t  depend  on  the 
distance  between  the  electrodes  [1], 

Under  rapid  heat  realizing  on  the  surface  streamlined  by  airflow  the  additional  shock 
wave,  pressure,  velocity  and  temperature  redistribution  in  gas  and  to  changing  of  flow  pattern 
above  the  surface  appear,  also  the  separation  flows  can  appear.  In  this  work  the  possibility  of 
sliding  discharge  initiation  on  body  surface  streamlined  by  airflow  is  considered  and  the 
research  of  discharge  plasma  and  airflow  interaction  is  presented. 

In  Figure  1  the  experimental  setup  scheme  for  research  of  sliding  discharge  and 
supersonic  airflow  (Mach  number  M=2)  interaction  is  presented.  Through  the  nozzle  1  the  air 
from  atmosphere  fills  the  working  chamber  3  and  connected  to  it  gasholders  with  total  volume 
of  240  m3,  that  were  pumped  out  for  vacuum  preliminarily.  The  supersonic  airflow  forms  near 
the  nozzle  outlet  with  520  m/s  velocity  and  the  pressure  of  0.2  atm,  the  airfoil  2  with 
discharger  is  placed  in  the  flow  and  connected  to  high  voltage  power  supply  4.  The  working 
chamber  3  has  two  transparent  windows  of  optical  glass  and  the  flow  pattern  is  observed  with 
schlieren  device  5  (IAB-451).  The  schlieren  device  for  flow  pattern  observation  is  equipped 
by  high  speed  CMOS-video  camera  6,  connected  to  computer  7.  The  airfoil  is  made  of 
dielectric  material  (textolite,  plexiglass)  and  on  the  upper  surface  of  the  airfoil  the  discharger 
is  mounted.  The  discharger  consists  of  conducting  strip  (graphite)  glued  to  airfoil  surface  and 
two  electrodes  located  on  the  distance  of  1  mm  from  the  strip  and  100  mm  each  from  another. 
The  sliding  discharge  initiation  is  performed  in  single-pulse  and  periodic-pulse  regime  with 
frequency  up  to  40  Hz.  The  electrical  energy  of  one  pulse  can  be  varied  from  several  Joules 
up  to  hundreds  of  Joules. 
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Figure  1.  Experimental  setup. 

Schlieren  photos  taken  with  the  schlieren  device  show  the  strong  sliding  discharge 
influence  on  the  airflow.  Particularly  the  shock  wave  arising  after  rapid  heat  releasing  causes 
gas  disturbance  that  has  turbulent  structure.  The  strain  sensor  mounted  on  the  airfoil  support 
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shows  of  appearance  of  significant  force  that  is  applied  on  the  airfoil  surface  in  perpendicular 
to  flow  velocity  direction. 

In  the  experimental  work  the  conditions  of  the  sliding  discharge  initiation  in  single- 
and  periodical-pulse  regime  under  supersonic  airflow  are  obtained,  the  flow  pattern  photos  are 
taken  with  sliding  discharge  initiation  on  streamlined  surface,  the  force,  caused  by  pressure 
redistribution  after  rapid  heat  releasing,  is  measured. 

1.  V.S.  Aksenov,  V.V.  Golub,  S.A.  Gubin,  V.P.  Efremov,  I.V.  Maklashova,  A.I.  Haritonov, 
Yu.  L.  Sharov  //  Technical  Physics  Letters,  vol.  30,  No.  20,  2004. 

CBEPX3BYKOBOE  OETEKAHHE  B03rH,yX0M  IIPOOHJIJI KPBIJIA 
nPH  HHHIJHHPOBAHHH  CKOJIL3HmErO  PA3PB^A  HA  ErO 

nOBEPXHOCTH. 

A.C.  Caeejibee1,  B.C.  AKcenoe2,  C.A.  lyouii2,  B.B.  rony63,  B.A.  Ceuenoe1,  3.E.  Coh3 

1  MOCKOBCKHH  c[)M3MKO-TeXHMLieCKMH  HHCTHTyT 
2Mockobckhh  h h >k e h e p h o - (]j h 3 h e c k h  ii  hhcthtyt 
’OoteAHHeHHbiii  hhcthtyt  bbicokhx  TeMnepaTyp  PAH 

nocae^Hee  AecaTHaeTHe  xapaxTeproyeTca  OypHbiM  pa3BHTneM  nojiynpoBO^HUKOBoii 
3JieKTpOHHKH.  K  npHMepy,  BbICOKOBOHbTHbie  HCTOHHHKH  Hanpfl^CCHHfl  CTajIH  KOMnaKTHee  H 
aerae,  a  3(J)clieKTUBHocTb  (Kn/f)  nx  pa6oTbi  npudaHacaeTca  k  eauHHHe.  /faHHoe 
odcToaTejibCTBO  aeaaeT  B03MoacHbiM  co3aaBaTb  njia3MCHHbie  odpaiOBaHua  Ha  noBepxHOCTH 
peajibHoro  aeTaTeabHoro  annapaTa  c  noMombio  BbicoKOBOJibTHbix  reHepaTopoB  njia3Mbi: 
njia3MeHHbie  aicryaTOpbi  Ha  ochobc  AHsaeiapHHecKoro  6apbepHoro  paspaaa,  CBH-paspima, 
njia3MOTpoHHbix  TexHOJiorHH  h  AP-  .  Cpe^n  Bcex  bhaob  pa3pfl^a  b  ra3e  mo>kho  BbmeaHTb 
CKOJib3flmHH  pa3paA  no  noaynpoBOAameii  noBepxHOCTH,  t.k.  ochobhbim  ero  npeHMymecTBOM 
aBjiaeTca  npaKTHuecKH  He  3aBHcamaa  ot  ajikhm  ra30Boro  npoMeacyTKa  BejiHHHHa 
npodoimoro  HanpaaceHHa  [1], 

npn  6mctpom  Bbi^eneHHH  Tenna  Ha  noBepxHOCTH  noMombio  pa3paAa,  odTexaeMOH 
CBepx3ByKOBHM  noTOKOM  B03^yxa,  B03HHKaiOT  y^apHaa  BOJiHa,  nepepacnpe^ejieHHe 
AaBaemia,  ckopocth,  TeMnepaTypbi  ra3a  h  k  H3MeHeHHK>  CTpyKTypbi  noTOxa  HaA 
noBepxHOCTbio,  b  tom  ancae  MoryT  B03HHKaTb  OTpbiBHbie  TeueHHfl.  flaHHaa  padoTa 
paccMaTpHBaeT  B03MoacHocTb  HHHHHHpoBaHua  cKOJib3amero  pa3paAa  Ha  noBepxHOCTH 
o6TeKaeMoro  noTOKOM  B03ayxa  Teaa  h  BsaHMO^eiicTBHa  pa3pa^Hoii  naasMbi  c  noTOKOM. 

Ha  Phc.  1  npeACTaBjieHa  cxeMa  axcnepHMeHTaabHoft  ycTaHOBKH  ana  HccaeAOBaHHa 
B3aHMOfleiicTBHa  cxoab3amero  paipaaa  co  CBepx3ByKOBbiM  noTOKOM  (hhcjio  Maxa  M  =  2). 
Hepe3  conao  1  B03Ayx  H3  aTMoc(})epbi  HanoaHaeT  npeABapuTeabHo  oTxaaaHHbie  ao  BaxyyMa 
xaMepy  3  h  coeAMHeHHbie  c  Heii  rasroabaepbi  o6ih,hm  o6beMOM  240  m3.  Ha  Bbixoae  H3  conaa 
(JiopMHpyeTca  cBepx3ByxoBoft  noTox  co  cxopocTbio  520  m/c  h  cTaTHaecxHM  AaBaeHHeM  0.2 
aTM,  b  KOTOpbiii  noMeuiaeTca  npocjiuab  xpbiaa  2  c  paipaAHuxoM,  noACoeAHHCHHbiM  k 
BbicoxoBoabTHOMy  HCTOHHHKy  HanpaaceHHa  4.  KaMepa  3  HMeeT  abb  oxHa  H3  onTHuecxoro 
CTCKJia,  uepe3  KOTopbie  BeAeTca  HadmoAeHue  c  noMombio  TeHeBoro  npndopa  5  (HAE-451). 
TeHeBoft  npudop  AJia  noayaeHHa  manpeH-xapTHH  o6TeKaHHa  npoc[)Haa  cHad/xeH  cxopocTHOH 
CMOS-BHAeoxaMepoH  6,  AaHHbie  c  KOTOpon  nepeAaiOTca  Ha  KOMnbiOTep  7.  npocfmab  KpbiJia 
BbinoaHeH  H3  AHaaeKTpHuecKoro  MaTepnaaa  (TexcroaHT,  oprcTeioio),  Ha  BepxHHDio 
nOBepXHOCTb  npOCftHaa  BMOHTHpOBaH  pa3paAHHK.  Pa3paAHHK  COCTOHT  H3  nOJIOCKH 
noaynpoBOAauiero  BemecTBa  (yraerpacliHT),  npHxaeeHHoii  k  noBepxHOCTH  Moaean  xpbiaa,  h 
AByx  cnaoBbix  aaexTpoaoB,  pacnoaoaceHHbix  Ha  paccroamiax  1mm  ot  noaynpoBOAameii 
noBepxHOCTH  h  100  mm  Apyr  ot  Apyra.  Co3AaHHe  cxoab3amero  pa3paAa  nponcxoAHT  b 
HMnyabCHOM  h  HMnyabCHO-nepHOAHaecxoM  peacHMe  c  aacTOTOii  ao  40  Tu.  3aexTpHaecxaa 
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3Heprnfl  b  HMnyjibce  MoaceT  MCHaTbca  ot  h ecKO jibkhx  eflHHHu;  hcckojibkhx  cotch 
nacoyneH. 

IUjiHpeH-(J)OTorpa(J)HH,  nojiyueHHbie  c  noMombio  TeHeBoro  npn6opa, 
CBH^eTejibCTByioT  o  cymecTBeHHOM  BjinaHHH  CKOJib3«mero  pa3pa^a  Ha  iiotok.  B  nacTHocTn, 
y^apHaa  BOJiHa,  B03HHKaK>maa  b  ra3e  nocne  dbiCTporo  Bbi^eacHHa  Tenaa,  Bbi3biBaeT 
B03MymeHHa  ra3a,  HMeiomne  Typ6yjieHTHyio  CTpyKTypy.  Cninaji  c  TeH30^aTHHKa,  acecTKo 
BMOHTHpOBaHHoro  b  ycTpoftcTBO  y,aep>KHBaioinee  npo<J)HJib  b  noTOKe,  CBn^eTejibCTByeT  o 
B03HHKH0BeHHH  3HaHHTenbHOH  chum,  B03HHKaK>meft  b  ciie^cTBHH  nepepacnpe,n;e.iieHH» 
noTOKa  okojio  MecTa  paapa^a,  ^eMcTByiomeM  b  HanpaBJieHHH,  nepneHflHKyjiapHOM  ckopocth 
Ha6eraiomero  noTOKa. 

B  pa6oTe  3iccnepHMeHTajibHo  nojiyneHbi  ycnoBHa  HHHijHHpoBaHHa  CKOJib3amero 
pa3pa^a  b  CBepx3ByKOBOM  noTOKe  b  HMnyjibCHOM  h  HMnyjibCHO-nepHO^HHecKOM  peacHMe, 
nojiyneHM  KapTHHbi  cTpyKTypbi  noTOKa  npn  HHHpHHpoBaHHH  pa3pa^a  Ha  o6TeKaeMon 
noBepxHOCTH,  H3MepeHO  ycHJine,  B03HHKaiomee  Bcae^CTBHe  nepepacnpeaejieHHa  jiasnemm 
nocne  6bicTporo  BbT^eneHna  Tenaa  b  pa3paae. 


COUPLED  MAXWELL/NAVIER-STOKES  SIMULATION  FOR 
AEROTHERMODYNAMICS  IN  PRESENCE  OF  ELECTROMAGNETIC 

FIELDS 

D.D’Ambrosio 

Dipartimento  di  Ingegneria  Aeronautica  e  Spaziale  Corso  Duca  degli  Abruzzi,  24  -  10129 
Torino  -  Italy 
I).  Giordano 

Aerothermodynamics  Section  Keplerlaan  1,  2200  AG  Noordwijk,  The  Netherlands 

D.  Bruno 

CNR  -  IMIP  Via  Orabona,  4-70126  Bari  -  Italy 

The  effects  of  the  interaction  between  electromagnetic  fields  and  partially  ionized 
gases  are  interesting  for  atmospheric  reentry  applications  because  they  can  potentially  reduce 
the  heat  flux  to  a  space  vehicle  surface  and  allow  for  aerodynamic  control.  Electromagneto- 
fluid  dynamics  is  governed  by  the  coupled  set  of  the  Maxwell  and  Navier-Stokes  equations. 
Starting  from  this  complete  model,  different  simplifications  based  on  order-of-magnitude 
considerations  are  frequently  made  to  obtain  a  less  complex  set  of  governing  equations.  In  the 
last  years,  D’Ambrosio  and  Giordano  considered  the  possibility  of  solving  the  full  set  of  the 
Maxwell  and  Navier-Stokes  equations  in  a  coupled  fashion.  This  resulted  in  a  series  of  papers 
that  demonstrated  that  solving  the  coupled  system  is  feasible  with  a  reasonable  expense  of 
computer  processing  time  and  memory  [1-5],  More  recently,  the  same  approach  was 
embraced  by  MacCormack,  who  also  solved  the  coupled  Maxwell  and  Navier-Stokes 
equations  in  paper  presented  at  the  last  AIAA  Plasmadynamics  Conference  [6],  The  full  set  of 
electromagneto-fluid  dynamics  equations  is  an  extremely  powerful  investigation  tool  that 
accounts  for  effects  that  are  considered  negligible  a  priori  by  the  approximated  models.  One 
of  its  merits  is  that  it  can  be  used  to  verify  when  and  where  the  simplifying  assumptions  on 
which  the  reduced  models  are  based  are  valid,  and  when  and  where  they  are  not. 

Despite  the  completeness  of  the  electromagnetic  model,  an  important  element  was 
missing  in  the  studies  presented  in  Refs.  1-6,  as  it  is  in  most  numerical  simulations  of 
electromagneto-fluid  dynamics  interactions.  The  transport  model  and  the  definitions  of 
electrical  conductivity  and  conduction  current  density  were  not  consistent  with  each  other  and 
the  plasma  was  forced  to  be  neutral.  In  particular,  in  Refs.  1-5,  an  arbitrarily  constant 
electrical  conductivity  was  used  in  connection  with  the  generalized  Ohm  law  to  test  the 
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numerical  solution  techniques  and  the  effect  of  the  presence  of  a  magnetic  field  was  not 
included  in  the  evaluation  of  transport  coefficients.  However,  as  pointed  out  by  Giordano  in 
Ref.  7,  the  definition  of  the  conduction  current  density  directly  descend  from  the  definition  of 
the  mass  diffusive  fluxes  J mi  of  electrically  charged  species: 


(1) 


Since  in  the  first-order  Chapman-Enskog  theory  the  components  mass  diffusive  flux 
depends  not  only  on  the  generalized  electric  field  E  +  vxB,  but  on  partial  pressure  gradients 
and  temperature  gradients  also,  there  are  contributions  to  electric  currents  due  to  pressure  and 
thermal  diffusion  of  charged  species  also.  Note  that  an  explicit  computation  of  the  electrical 
conductivity  is  not  needed  for  computational  purposes.  If  desired,  presso-electrical, 
thermoelectrical  and  electrical  conductivities  tensors  could  be  post-processed  starting  from 
diffusion  coefficients.  In  addition,  the  presence  of  a  magnetic  field  influences  transport 
phenomena,  which  become  anisotropic,  as  reported  by  Bruno  et  alii  in  Refs. 8, 9.  Components 
mass  diffusive  fluxes  and  heat  fluxes  arise  in  directions  parallel  and  normal  to  the  magnetic 
field,  and  they  are  not  necessarily  aligned  with  diffusion  driving  forces  and  temperature 
gradients.  The  viscosity  coefficient  is  a  five-components  vector.  Part  of  these  phenomena  are 
usually  incorporated  in  the  so-called  Hall  effect,  which  is  frequently  accounted  for  in 
approximated  magneto-fluid  dynamics  models  in  the  form  of  a  tensorial  electrical 
conductivity.  In  our  proposed  paper,  the  Hall  effect  will  be  consistently  linked  with  the 
components  mass  diffusive  fluxes.  In  addition,  the  plasma  will  not  be  forced  to  be  neutral,  so 
that  an  electric  charge  density  pc  and  the  related  convection  current  density  pcv  may  be 
present  in  the  flowfield. 

The  possible  presence  of  a  convection  current  and  the  anisotropy  of  transport 
coefficients  in  the  presence  of  a  magnetic  field  has  a  strong  impact  on  the  resulting  flowfields. 
At  a  microscopic  level,  all  originates  from  the  dynamics  of  particles  carrying  an  electric 
charge  q  moving  in  a  magnetic  field  B  with  speed  v  and  thus  subject  to  the  Lorentz  force  q\  x 
B.  At  the  macroscopic  levels,  this  results  in  forces  that  are  due  to  convection  currents  pcv  and 
conduction  currents  J q.  Consider  for  example  an  axially  symmetric  configuration,  as  those 
that  are  frequently  adopted  in  plasma  wind  tunnels  to  carry  out  experiments  on  the 
electromagneto-fluid  dynamics  interaction.  One  consequence  of  the  plasma  non-neutrality 
and,  possibly  to  a  much  larger  extent,  of  transport  coefficients  anisotropy  is  that  such  flows, 
which  are  axisymmetric  in  absence  of  a  magnetic  field,  will  develop  a  swirling  motion  in  the 
presence  of  an  applied  axisymmetric  magnetic  field.  In  addition,  an  induced  magnetic  field 
component  will  appear  in  the  azimuthal  direction  and  electric  fields  and  electric  currents  will 
have  components  in  the  meridian  plane  also.  In  the  full  paper  that  we  propose  with  this 
abstract,  we  will  show  numerical  results  obtained  simulating  the  flowfield  about  a  blunt-faced 
cylinder  in  a  plasma  consisting  of  argon  atoms,  singly  charged  ions,  and  electrons.  The 
geometrical,  fluid  dynamics  and  magnetic  configuration  will  be  similar  to  the  one  that  was 
recently  set  up  in  the  experiments  by  Gulhan  et  alii  at  DLR-Koeln  [10].  The  fully  coupled 
Maxwell  and  Navier-Stokes  equations  will  be  solved  as  in  Ref.  5  with  the  addition  of  the 
complete  transport  model  described  in  Refs.8,11.  The  axisymmetric  EMFD  equations  will 
include  the  momentum  equation  in  the  azimuthal  direction,  the  azimuthal  velocity  component 
and  the  projection  of  the  Maxwell  equations  in  every  coordinate  direction. 
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TURBULENCE  EFFECTS  IN  SUPERSONIC  MHD  FLOW  ABOUT  CONE- 

CYLINDER 

Chernyshev  A.  .S’.,  Golovachov  Yu.P.,  Schmidt  A.  A. 

Ioffe  Institute  RAS,  Saint  Petersburg,  Russia,  alexandeKschmidt^maiL  ioffe. ru 

Introduction.  The  paper  presents  some  results  of  numerical  investigations  of  supersonic 
MHD  flows  of  weakly  ionized  nitrogen  plasma  around  a  cone-cylinder  at  conditions 
corresponding  to  experiments  on  the  Big  Shock  Tube  of  the  Ioffe  Institute  of  RAS.  The 
purpose  of  the  investigations  is  further  validation  and  development  of  the  simulation 
algorithm  as  well  as  analysis  of  major  factors  governing  the  MHD  impact  on  plasma  turbulent 
flows.  The  effect  of  the  magnetic  field  induced  by  the  coil  imbedded  in  the  model  on  the 
plasma  flow  was  investigated  and  the  efficiency  of  the  localized  MHD  interaction  was 
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estimated.  At  that  the  special  attention  was  paid  to  determination  of  the  thermal  loading  on  the 
body  and  to  comparison  of  results  of  flow  simulation  with  experimental  data,  in  particular, 
with  wall  heat  flux  measurements  by  Gradient  Heat  Flux  Sensors. 

To  enhance  the  efficiency  of  the  MHD  interaction  a  surface  electric  discharge  was 
arranged  between  an  electrode  installed  on  the  cone  apex  and  a  ring  electrode  installed  in  the 
vicinity  of  the  cone-cylinder  conjugation  (see  Fig.  1).  The  electric  discharge  rotates  in  the 
magnetic  field,  induced  by  the  coil,  producing  near  the  cone  surface  a  sheet  of  plasma  with 
high  electric  conductivity.  This  provides  rise  of  the  efficiency  of  the  MHD  interaction  which 
is  localized  near  the  cone  surface  with  maximum  at  the  cone-cylinder  conjugation. 

The  investigation  showed  that  at  conditions  under  study  the  predominant  factors  of 
MHD  impact  on  weakly  ionized  plasma  flow  around  the  model  governing  the  flow  structure 
are  both  the  ponderomotive  force  and  the  Joule  heating.  It  is  worth  to  be  mentioned  that  in  a 
wide  range  of  incoming  flow  parameters  the  flow  around  the  model  is  turbulent  one.  One  of 
aims  of  the  study  is  investigation  of  effects  of  flow  turbulence. 

The  utilized  algorithm  is  based  on  a  mathematical  model  which  considers  the  plasma 
as  a  neutral  electrically  conductive  fluid.  Motion  of  such  a  fluid  is  described  by  equations  of 
magnetic  hydrodynamics. 

The  presented  results  correspond  to  coil  and  electric  discharge  parameters  providing 
the  magnetic  induction  in  coil  center  to  be  equal  approximately  to  1.0  T,  and  characteristic 
time  of  magnetic  field  existence  to  be  greater  than  the  flow  time.  The  electric  discharge 
between  the  electrode  on  the  cone  apex  and  on  the  cone-cylinder  conjugation  arranged  to 
enhance  the  MHD  interaction  efficiency  and  produced  by  the  electric  current  pulse  through 
the  induction  coil  rotates  in  the  induced  magnetic  field  with  the  frequency  approximately 
equal  to  30  kHz,  that  allows,  comparing  the  rotation  period  and  the  characteristic  time  of 
plasma  recombination,  consider,  at  the  present  stage  of  the  investigations,  the  flow  as 
axisymmetrical.  Estimates  showed  that  in  this  case  the  plasma  electric  conductivity  near  the 
cone  surface  is  about  a  ~  104  S/m.  This  value  was  used  in  the  simulations. 

A  Large  Eddy  Simulation  Turbulence  Model  (LES  TM),  implemented  in  the 
computations,  seems  to  be  perspective  for  problems  under  study.  Since  transport  of  mass, 
momentum,  and  energy  of  turbulent  medium  is  mainly  due  to  the  large  eddies  this  process  can 
be  simulated  directly  on  the  basis  of  “filtered”  Navier-Stokes  equations  supplied  with  specific 

MHD  terms:  the  Joule  heating  and  the  ponderomotive 
force.  Small  eddies  are  less  dependent  on  the  external 
influence  and  can  be  described  by  a  subgrid  model. 
Besides  all,  such  an  approach  probably  enables  one  to 
use  more  coarse  numerical  grids  and  large  time-steps  in 
comparison  with  other  turbulent  models.  In  this 
investigation  LES  TM  was  used  with  the  Smagorinsky 
model  for  subgrid  scale. 

Some  results.  Figs.  2  (a,  b,  c)  present 
distributions  of  the  Mach  number  for  turbulent  flow 
regime.  Fig.  2  (a)  corresponds  to  absence  of  MHD 
interaction  (B  =  0  T),  Fig.  2  (b)  corresponds  to  case  of 
laminar  flow  under  MHD  impact  (the  characteristic  time  of  electric  current  pulse  about  1.5 
ms,  the  total  current  is  10  A).  It  is  seen  that  at  chosen  arrangement  of  the  induction  coil 
domain  of  maximum  MHD  interaction  is  localized  in  the  vicinity  of  the  cone-cylinder 
conjugation  where  the  induction  of  the  magnetic  field  reaches  30  T,  while  near  the  cone  tip 
the  induction  is  about  zero.  It  is  worth  to  be  mentioned  that  in  spite  of  significantly  non- 
uniform  distribution  of  the  magnetic  field  induction  (with  highly  localized  maximum  in  the 
vicinity  of  the  cone-cylinder  conjugation)  the  domain  of  efficient  MHD  interaction  is 


Fig.  1.  Cone-cylinder  body  with  the 
electrode  system  (1-2)  and  heat  flux 
sensors  (D1  -  D2). 
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stretched  near  all  surface  of  the  cone  due  to  high  density  of  the  electric  current  in  the 
discharge.  Fig.  2  (c)  corresponds  to  case  of  turbulent  flow  under  MHD  impact. 
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Fig*  2.  Effect  of  the  MHD  impact:  distributions  of 
the  Much  number,  B=0,  it),  B^O  laminar  regime, 
h),  ami  B=0  turbulent  regime.  LES  model,  e). 


Comparison  the  latter  result  with  this  for  the  laminar  regime  shows  that  effects  of  the 
turbulence  manifest  itself  mainly  in  dynamic  and  thermal  loadings  on  the  body.  Under 
considered  conditions  MHD  interaction  results  in  noticeable  decrease  of  the  Mach  number 
near  the  body,  which  is  mainly  due  to  temperature  increase  and  flow  deceleration  because  of 
the  Joule  heating  and  the  ponderomotive  force  effect. 

Fig.  3  demonstrates  comparison  of  simulated  wall  heat  flux  profile  along  the  body 
generatrix  with  experimental  data.  At  that  the  predicted  and  measured  wall  heat  fluxes  on  the 
cone  surface  correspond  to  the  case  of  absence  of  the  MHD  interaction,  while  results  for  the 
cylinder  surface  relate  to  the  case  of  the  MHD  interaction  (S-A  TM  denotes  computations 
with  the  Spalart-Allmaras  turbulent  model).  Rather  good  agreement  of  the  predictions  and  the 

measurements  can  be  observed.  This  testifies  for 
adequacy  of  the  formulated  mathematical  model 
for  flows  around  the  of  test  body  at  conditions 
provided  by  the  BST  setup  of  the  Ioffe  Institute. 
Conclusion.  Thus,  the  formulated  mathematical 
model  and  the  numerical  method  were 
implemented  to  simulate  laminar  and  turbulent 
supersonic  weakly  ionized  nitrogen  flows  around 
cone-cylinder  body  under  the  MHD  impact.  The 
developed  algorithm  provides  the  second  order 
approximation  in  temporal  coordinate.  Such  a 
modification  enables  one  to  investigate  essentially 

^  ,  non-stationary  processes,  which  is  necessary  for 

rig. 3.  Comparison  of  the  predictions  with  _  ,  .  _  .  . 

experimental  data  on  cone  (B=0)  and  cylinder  accounting  for  dynamics  of  discharge  rotation. 
(BH-))  surfaces. 
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At  this  first  stage  of  the  study  the  simple  Spalart-Allmaras  and  LES-type  turbulent 
models  were  implemented. 

It  was  shown  that  the  proposed  way  of  the  MHD  flow  control  results  in  increase  of  the 
wall  heat  flux.  As  regards  to  aerodynamic  drag  of  such  a  body  with  MHD  interaction  it  can  be 
note  that  rearrangement  of  the  base  flow  accompanying  the  MHD  impact  decreases 
essentially  effect  of  drop  of  the  drag  on  the  cone  and  cylinder 

Acknowledgments 

The  study  is  carried  out  under  financial  support  of  ISTC  projects  and  Programs  of  the 
Presidium  of  RAS  P09. 

300EKTW  TYPEyjIEHTHOCTH  B  CBEPX3BYKOBOM  MTR 
TEHEHHH  OKOJIO  MQZJEJIH  KOHYC-I^HJIHH^P 

Hepubimee  A.C.,  lO.wau'ica  K).n.,  UlMudm  A. A. 

®Til  hm.  A.®.  Horjxjie  PAH,  Camcr-IIeTepSypr,  194021,  Pocchh 

BneneHHe  B  pa6oTe  npe^CTaBJieHti  HeKOTOpbie  pe3yxtbTaTbi  HncxreHHbix 
HccjieAOBaHHH  cBepx3ByKOBbix  MT/1  TeueHHH  cjia6o  uoHH3HpoBaHHoro  a30Ta  b6jih3h  Terra 
KOHyc-pHJiHHnp  npu  ycnoBHax,  cooTBeTCTByiomHx  3KcnepHMeHTaM  Ha  Eojibmoii  y^apHOH 
Tpy6e  <f»TH  PAH.  IfejTbio  Hccjie^oBaHHH  aBJiaeTca  ^anbHeiimee  pa3BHTHe  h  TecTHpoBaHHe 
anropHTMa  MonejinpoBaHiia,  a  Taicace  aHaxiH3  ochobhbix  (JiaKTopoB  MT^l,  BornencTBiia  Ha 
TypdyjieHTHbTe  noTOKH  nxra3Mbi.  Ebuio  Hccrre^oBaHo  BxmaHHe  MarHHTHoro  noxra, 
reHepHpyeMoro  KaTyimcoH,  ycTaHOBJieHHOH  b  moxtcxih,  Ha  TeneHne  h  oueHeHa 

3(j)(j)eKTHBHOCTb  JI0KajIH30BaHH0r0  MT/f  B03AeHCTBHa  Ha  nOTOK.  npH  3TOM  oco6oe 
BHHMaHHe  yzjexreHO  onpenencHHio  TenxroBoii  Harpy3KH  Ha  MO^ejib  h  cpaBHeHHio  pe3ynbTaTOB 
paCHCTOB  C  SKCnepHMeHTajIbHblMH  rtaHHbIMH,  B  HaCTHOCTH,  C  H3MepeHHBMH  TenJIOBOrO 
noTOKa  Ha  noBepxHocTH  Mo^erm  npu  noMoipn  rpa^ueHTHoro  aaTHHKa  TenxroBbix  noTOKOB. 

J\jm  yBejiHueHHa  3(])<j)eKTHBH0CTH  MT/f  B3aHMo^eHCTBHa  Ha  noBepxHocTH  KOHyca 
6biji  opraHH30BaH  pa3pa,q  Meac^y  sxreKTpoAOM,  ycTaHOBjieHHbiM  b  BepmHHe  KOHyca,  h 
KOJibueBbiM  ajieKTpOAOM,  ycTaHOBjieHHbiM  b6jih3h  conpaaceHHH  KOHyca  h  nnjiHHnpa  (cm. 
Phc.  1).  3jieKTpHHecKHH  pa3paA  BpamaeTca  b  MarHHTHOM  none,  HH^ypnpoBaHHOM 
KaTymKoii,  npn  3tom  Ha  noBepxHocTH  KOHyca  B03HHKaeT  cjioh  nxraxMbr  c  bbicokoh 

saeKTponpoBOAHOCTbK).  3to  odecneuHBaeT  noBbimeHHe  srjxjieKTHBHocTH  MT/f 

B3aHMO^eHCTBHa,  KOTOpoe  ji0KajiH30BaH0,  raaBHbiM  o6pa30M,  y  noBepxHocTH  KOHyca  c 
MaKCHMyMOM  b6jih3h  oKpyacHOCTH  conpaaceHHa  KOHyc-pHBHH^p. 

HccaenoBaHHa  noKa3ajiH,  hto  npn  paccMOTpeHHbix  ycjiOBHax  ochobhbimh 

(JiaKTopaMH,  onpe^erraiomHMH  MT/f  B03^eftcTBHe  Ha  noTOK  cxra6o  HOHH3HpoBaHHoft  nxra3Mbi 
b6jih3h  MOflejm,  aBJiaiOTca  noH^epOMOTOpHaa  CHJia  h  xxacoyxreBO  TenjiOBbinejieHHe .  CaenyeT 
3aMeTHTb,  hto  b  HiHpoKOM  ,zjHana30He  napaMeTpoB  Ha6eraK>iu,ero  noToxa  TeneHne  b6jih3h 
MO^ejiH  aBJiaeTca  Typ6yjieHTHbiM.  Oahoh  h3  Hejieii  stoh  pa6oTbi  aBJiaeTca  HceaenoBaHHe 
3(j)(j)eKTOB  Typ6yjieHTHOCTH. 

Hcnojib30Baaacb  rH^po^HHaMHnecKaa  Moneab,  KOTOpaa  paccMaTpHBaeT  nxra3My  kbk 
HeftTpajibHyio  npoBOflaiuyio  cnjiomHyio  cpe^y.  ^BHaceHHe  TaKoii  cpeflbi  onncbiBaeTca  c 
noMOuibio  ypaBHeHHH  MarHHTHoii  rnnpo^HHaMHKH. 

npeACTaBjieHHbie  pe3yjibTaTbi  cooTBeTCTByioT  napaMeTpaM  HMnyjibca 
aaeKTpHHecKoro  TOKa  nepe3  KaTyimcy  h  axreKTpHHecKHii  pa3pan,  KOTOpbiii  co3n,aeT  Ha  och 
KaTymKH  HH^yKpmo  reHepnpyeMoro  MarHHTHoro  noxra  okojto  1  T,  npn  stom  xapaKTepHoe 
BpeMa  cymecTBOBaHHa  MarHHTHoro  noxra  3aMeTHO  doxrbme,  neM  BpeMa  ycTaHOBxreHHa 
TeneHHa.  3xreKTpHHecKHH  pa3pa^  Meac^y  saeKTpo^aMH  b  BcpmuHe  KOHyca  h  b6jth3h 
OKpyacHOCTH  conpaaceHHa  KOHyc-HHXiHHXip,  KOTOpbiii  C03xraeTca  axreKTpHHecKHM  HMnyxibCOM 
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nepe3  HHayxpHOHHyio  KaTyimcy  aaa  yBeaHneHHa  khtchcmbhocth  MT/1  B3aHMoaeftcTBHa, 
BpamaeTca  b  MarHHTHOM  none  c  nacTOTOH  okojio  30  Kru,  hto  no3BoaaeT,  cpaBHHBaa  nepnoa 
BpameHHa  h  BpeMa  pexoM6HHapHH  njia3Mbi,  cnnraTb  Ha  aaHHOM  3Tane  HccaeaoBaHHH 
TCHCHHC  OCeCHMMeTpHHHbIM.  OpeHXH  nOXa3aHH,  HTO  B  3TOM  CJiyHaC  SaeKTpOnpOBOflHOCTb 
naa3Mbi  oxoao  noBepxHocTH  KOHyca  a  ~  104  C/m.  3to  3HaneHHe  aaexTponpoBoaHOCTH 
Hcnojib30Bajiocb  b  pacneTax. 

OnncaHHe  Typ6yaeHmocTH  noToxa,  ocHOBaHHoe  Ha  MoaeaHpoBaHHH  3bohiophh 
6oabuiHx  BHxpen  (LES)  6bmo  Hcnojib30BaHO  b  npoBeneHHbix  HCcaeaoBaHHax.  riocKOJibKy 
nepeHoc  Maccbi,  HMnyjibca  h  3HeprHH  ocyipecTBaaeTca  raaBHbiM  o6pa30M  6oabiHHMH 
BHxpaMH,  b  to  BpeMa  xax  Maabie  BHxpH  MeHbrne  3aBHcaT  ot  bhchihhx  (JjaxTopoB,  TaxHx,  xax 
MT/l  B03AeficTBHe,  stot  nopxoa  6ojiee  noaxoaHT  aaa  onncaHHa  TypOyaeHTHocra  b  stom 
caynae.  3BoaiopHa  6oabHiHX  BHxpen  MoaeanpyeTca  b  xope  pemeHHa  «OTc|)HJibTpOBaHHbix» 
ypaBHeHHH  HaBbe-CToxca  c  aonoaHHTeabHbiMH  Mr/],  naeHaiviM,  a  rjisi  Maabix  BHxpeft 
Hcnoab3yiOTca  cnepnaabHbie  noaceTOHHbie  Moaean.  3to  no3BoaaeT  ncnoab30BaTb  6oaee 
rpy6bie  ceTXH  h  6oabniHe  rnarn  no  BpeMeHH.  B  xanecTBe  Moaean  noaceTOHHoro  ypoBHa 
Hcnoab30Baaacb  Moaeab  CMaropHHCxoro. 

HeKOToptie  pe3yai>TaTbi  Ha  Phc.  2(a,  6,  c)  npHBeaeHo  pacnpeaeaeHHa  nncaa 
Maxa.  Phc.  2  (a)  -  aaa  caynaa  OTcyTCTBHa  Mr/]  B3aHMoaencTBHa  (B  =  0  T).  Phc.  2  (6)  -  npn 
Mr /],  B3aHMoaeftcTBHH  (B  /  0  T  xapaxTepHoe  BpeMa  HMnyabca  saexTpHnecxoro  Toxa  -  1.5 

'J 

mc,  noaHbiH  tox  -  10  A),  aaMHHapHbin  peacHM.  Phc.  2  (c)  -  npn  Mr/],  B3aHMoaencTBHH  (B  3 
0  T  xapaxTepHoe  BpeMa  HMnyabca  saexTpHnecxoro  Toxa  -  1.5  mc,  noaHbift  tox  -  10  A), 
TypSyaeHTHbm  peacHM.  Bhhho,  hto  Ha  paccMaTpHBaeMOH  Moaean  MaxcHMaabHaa 
HHTeHCHBHocTb  Mr/]  B3aHMoaeHCTBHa  aocTHraeTca  oxoao  aHHHH  conpaaceHHa  xoHyc- 
pnanHap,  rae  MarHHTHaa  HHayxuna  aocraraeT  30  T,  b  to  BpeMa  xax  y  BepuiHHbi  xoHyca 
HHayxpna  6aH3xa  x  0.  npn  paccMaTpHBaeMbix  ycaoBHax  Mr/]  B3aHMoaencTBHe  npHBoanT  x 
3aMeTHOMy  yMeHbuieHHio  nncaa  Maxa  B6aH3H  Teaa,  hto  CBH3aHO  c  TOpMoaceHneM  noTOxa  H3- 
3a  aencTBHa  noHaepoMOTopHoft  cnabi,  h  c  yBeaHneHHeM  TeMnepaTypbi  H3-3a  a^oyaeBa 
TenaoBbiaeaeHHH.  3to  yBeaHneHHe  TeMnepaTypHoro  noTOxa  npHBoanT  Taxace  x  yToaipeHHio 
rpaHHHHoro  caoa  Ha  pnaHHape. 

CpaBHeHHe  pe3yabTaTOB  aaa  TypSyaeHTHoro  h  aaMHHapHoro  peacHMOB  noxa3biBaeT, 
hto  Typ6yaeHTH0CTb  npoaBaaeTca,  raaBHbiM  o6pa30M,  b  yBeaHneHHH  TenaoBon  h 
aHHaMHnecxoH  Harpy30x  Ha  Moaeab.  npn  paccMaTpHBaeMbix  ycaoBHax  Mr /I  B03aencTBHe 
Ha  noTox  BeaeT  x  yMeHbmeHHK)  nncaa  Maxa  B6aH3H  Teaa  b  pe3yabTaTe  yBeaHneHHa 
TeMnepaTypbi  h  TOpMoaceHna  noTOxa  H3-3a  a>xoyaeBa  TenaoBbiaeaeHHa  n  noHaepOMOTOpHOH 
cnabi. 

yBeaHneHHe  TenaoBoro  noTOxa  Ha  CTeHxy  pnaHHapa  noxa3aHO  Ha  Phc.  3  (pacneTHoe 
3HaneHHe  noToxa  b  paMxax  LES  Moaean,  LES  TM,  noxa3aHo  xpacHoft  tohxoh,  S-A  TM 
o6o3HanaeT  Moaeab  Typ6yaeHTHOCTH  CnaaapTa-AaaMapaca).  Pe3yabTa-Tbi  nncaeHHoro 
MoaeanpoBaHHa  HaxoaaTca  b  xopomeM  cootbctctbhh  c  sxcnepHMeHTaabHbiMH  aaHHbiMH, 
noayneHHbiMH  Ha  BYT  <DTH  hm.  A.O.HocjKfje  PAH,  hto  noaTBepacaaeT  aaexBaTHOCTb 
cijjopMyanpoBaHHOH  Moaean  aaa  ycaoBHH  pa6oTbi  BYT  cDTH  PAH 

3aKJiioHeHHe  TaxHM  o6pa30M,  b  paMxax  BbinoaHeHna  nncaeHHbix  nccaeaoBaHHH  no 
nporpaMMe  npoexTa  c  noMoipbio  ciJiopMyanpoBaHHon  Moaean  h  nocTpoeHHoro  HHcaeHHoro 
MeToaa  6bian  npOBeaeHbi  TpexMepHbie  pacneTbi  aaMHHapHoro  h  Typ6yaeHTHoro  o6TexaHHa 
Teaa  xoHy c-pnaHHap  6e3  yneTa  h  c  yneTOM  Mr/],  B3aHMoaencTBHa.  B  xoae  pa6oT  6bia 
MoaH(J)HpHpOBaH  aaropHTM  pacneTa,  hto  noBbicnao  nopapox  annpoxcHMapHH  no  BpeMeHH 
ao  BToporo.  Taxaa  MoaHiJiHxapna  aaeT  bo3mo/Khoctb  npoBopHTb  nccaepoBaHHa 
cyipecTBeHHO  HecTapnoHapHbix  npopeccoB,  hto  Heo6xoanMO  aaa  paabHeHinero  yneTa 
PHHaMHXH  BpaipeHHa  saexTpHnecxoro  paapapa.  Ha  aaHHOM  3Tane  HccaeaoBaHHH  6bian 
Hcnoab30BaHbi  Mopean  Typ6yaeHTHOCTH  CnaaapTa-AaaMapaca  h  LES. 
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IIoKa3aHo,  hto  Hcnonb3yeMtiH  mctoa  ynpaBjieHHa  iiotokom  Be^eT  k  yBejinneHmo 
TennoBOH  Harpy3KH  Ha  Teno.  IlepecTpOHKa  noHHoro  TeneHna  b  pe3yjibTaTe  Mr/], 
B03AencTBHa  Ha  noTOK  cymecTBeHHo  yMeHbmaeT  aiJxjieKT  na^eHHa  TpeHHa  Ha  noBepxHocTax 
KOHyca  h  HHJiHHHpa. 

Ejiaeodapnocm  u 

HccjieAOBaHHe  npoBO^HTca  npn  (J)HHaHC0B0H  no,zmep)KKe  MHTI1,  h  IIporpaMMbi 
IIpe3HAHyMa  PAH  n-09. 


MHD  ELECTRIC  POWER  GENERATION  AT  THE  COMBUSTION  IN 

HIGH  VELOCITY  DEVICES 

().  V.  Gouskov,  M.K.  Danilov,  V.I.  Kopchenov,  A.B.  Vatazhin 

The  capability  of  electric  power  generation  by  magnetogasdynamic  method  (MHD)  in 
a  model  of  high  velocity  air-breathing  engine  integrated  with  flying  vehicle  is  analyzed.  The 
key  problem  is  the  estimation  of  the  vehicle  integral  performances  at  the  flow  field 
transformation  caused  by  MHD  influence  with  accounting  for  additional  drag  force.  The  main 
goal  of  the  work  is  to  confirm  the  possibility  of  electric  power  generation  at  the  maintaining 
the  positive  thrust-drag  balance. 

The  scheme  of  the  model  of  high  velocity  air-breathing  engine  with  MHD  generator 
installed  at  the  combustor  exit  is  shown  in  fig.  1 . 


Fig.l.  The  scheme  of  high  velocity  air-breathing  engine  with  MHD  generator  installed  at  the  combustor  exit: 
bow  shocks  (1,  8),  wedge  shock  (2),  lip  shock  (3),  struts  for  fuel  injection  in  the  combustor  (4),  position  of  MHD 

generator  installation  (5),  nozzle  (6),  flying  vehicle  (7) 

As  the  example,  the  flight  of  the  of  17  m  in  length  vehicle  with  on  design  shock 
system  for  inlet  entrance  height  /  =  1  m  at  the  altitude  36  km  with  Mach  number  M  =  12  (the 
angle  of  attack  is  supposed  to  be  zero)  at  hydrogen  as  the  fuel  using  is  considered.  The  heights 
of  the  inlet  internal  duct,  combustor  and  MHD  generator  are  constant  and  they  are  equal  to 
0.167  m. 
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Simultaneous  numerical  solution  of  electrodynamic  and  gasdynamic  equations  (with 
account  for  turbulence,  MHD  force  and  thermal  sources,  combustion  kinetics)  for  internal  and 
external  flow  is  performed. 

The  MHD  interaction  parameter  corresponding  to  combustor  exit  flow  conditions,  the 
magnetic  field  B  =  1  T1  and  electric  conductivity  a  =  50  Sm/m  is  equal  to  0.053. 

The  gasdynamic  parameters  distributions,  combustion  and  electric  power  generation 
efficiencies  and  forces  balance  are  obtained.  It  is  shown  that  the  energy  extraction  from  the 
model  engine  duct  (2.1%  from  the  value  of  total  enthalpy  flow  at  the  combustor  exit)  can  be 
realized  at  the  positive  force  balance  maintaining. 

MrjX  TEHEPAIJHJI  3JIEKTPHHECKOH  MOIIJHOCTH  nPH 
TOPEHHH  B  BbICOKOCKOPOCTHMX  YCTPOHCTBAX 

A.E.  BamajKim,  O.B.  rycbKoe,  M.K.  JJanwioe,  B.H.  Konnenoe 

PaccMOTpeHa  bo3mo>khocti>  reHepupoBamia  sjieKTpnnecKOH  3Heprnn 
MarHHTora30AHHaMHuecKHM  (MT,!))  mctoaom  b  moacjih  BbicoKOCKOpocTHoro  B03aynmo- 
peaKTHBHoro  ABnraTejia  (BP/f),  HHTerpupoBaHHoro  c  jieTaTejibHbiM  annapaTOM.  KjnoneBbiM 
BonpocoM  aBJiaeTca  onpe^ejieHue  HHTerpajibHbix  xapaKTepncTiiK  annapaTa  npu  Bbi3BaHHoii 
MT/f  B03AeucTBMeM  nepecTpoHKe  TeueHna  h  noaBueHnn  AonojiHHTejibHon  cocTaBjiaiomeH 
cujibi  conpOTHBJieHua.  OcHOBHaa  uejib  pa6oTbi  -  noKa3aTb  B03M0acH0CTb  reHepupoBaHua 
3jieKTpo3HeprHH  npu  coxpaHeHHH  nojioacHTejibHoro  6ajiaHca  cuji  Tara-conpoTUBjieHue. 

Mo^ejib  BbicoKocKopocTHoro  BP,!],  c  MT/f  reHepaTopoM  noica3aHa  Ha  pnc.  1. 

B  KauecTBe  npHMepa  paccMaTpHBaeTca  noaeT  annapaTa  ajihhoh  17  m  c  pacneTHon 
cncTeMoft  cKanKOB  ynjioTHeHHa  npn  BbicoTe  bxoahofo  ceueHna  B03Ayxo3a6opHHKa  1  =  1  m 
npn  ncnojib30BaHHH  b  KanecTBe  TonjiHBa  BOAopoAa  Ha  BbicoTe  36  km  c  hhcjiom  Maxa  M=  12 
(yroa  aTaKn  noaaraeTca  paBHbiM  Hymo).  Bbicotbi  KaHaaoB  B03Ayxo3a6opHHKa,  KaMepbi 
cropaHHa  n  cjieAyiomero  3a  hhm  MT/f  reHepaTopa  nocToaHHbi,  oAHHaKOBbi  h  paBHbi 
h  =0.167  m. 

OcymecTBJiaeTca  coBMecTHoe  nncjieHHoe  HHTerpnpOBaHne  sjieKTpOAHHaMHnecKnx  h 
ra30AHHaMnnecKHx  ypaBHeHHH  (c  yueTOM  Typ6yjieHTH0CTn,  MT/f  cnnoBbix  n  TennoBbix 
HCTOHHHKOB,  KHHeTHKH  TOpeHHa)  AJI3  BHyTpeHHerO  H  BHemHeTO  TeneHHH. 

napaMeTp  MT/1  B3aHMOAGHCTBna  npn  ycnoBnax  Ha  BbixoAe  H3  KaMepbi  cropaHna  AJia 
MarHHTHoro  nojia  B  =  1  Tji  n  sjieKTpHnecKon  npoBOAHMOCTH  a  =  50  Cm/m  cocTaBjiaeT 
0.053. 

HaiiAeHbi  paenpeACJiCHna  ra30AHHaMnnecKHx  napaMeipoB,  nojiHOTa  cropaHna, 
3(J)(J)eKTHBHocTb  reHepnpoBaHHa  3JieKTpo3Hcprnn  n  6aaaHc  chji.  noKa3aHo,  hto  ot6op 
3HeprnH  H3  ipaKTa  ABnraTejia  (cocTaBJiaiomnn  2.1%  ot  BejinnnHbi  noTOKa  nojiHoro 
TennocoAepacaHna  Ha  BbixoAe  H3  KaMepbi  cropaHna)  mo/Kho  ocyinecTBUTb  npn  coxpaHeHnn 
nonoacHTejibHoro  SaaaHca  chji. 
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THEORETICAL  RESEARCHES  AND  EXPERIMENTAL 
REALIZATION  OF  THE  QUASI-STEADY  PLASMA  ACCELERATOR 
WITH  THE  LONGITUDINAL  MAGNETIC  FIELD 

A.N.  Kozlov 

Keldysh  Institute  of  Applied  Mathematics,  RAS, 

Miusskaya  Sq.  4,  Moscow,  125047,  Russia,  ankoz@keldysh.ru 

Generation  of  the  high-speed  plasma  streams  is  one  of  the  actual  problems  of  the 
modem  plasma  physics  and  magnetic  gas  dynamics.  The  quasi-steady  high-current  plasma 
accelerators  (QSPA)  [1]  are  capable  to  generate  the  plasma  streams  with  the  average  directed 
energy  of  ions  up  to  tens  keV  and  with  the  full  energy  capacity  up  to  tens  MJ.  The  elementary 
plasma  accelerators  consist  of  two  coaxial  electrodes  connected  to  the  electric  circuit.  A 
neutral  gas  is  introduced  between  the  electrodes.  Owing  to  the  high  voltage  there  is  a 
breakdown  and  an  ionization  front  is  formed.  Acceleration  of  plasma  is  caused  by  action  of 
the  Ampere  force  in  the  presence  of  the  azimuthal  magnetic  field  generated  by  a  current 
flowing  along  an  internal  electrode.  The  negative  influence  of  the  Hall  effect  leads  to  the 
erosion  of  electrodes  and  the  occurrence  of  the  phenomena  of  the  current  crisis  caused  by  the 
low  density  of  plasma  in  a  vicinity  of  the  anode  under  certain  conditions.  As  a  whole  it  is 
possible  to  avoid  these  difficulties  in  two-stage  systems  of  QSPA  [1]  in  which  the  ion  current 
transport  regime  is  realized  by  means  of  the  complex  systems  of  the  anode  and  cathode 
transformers  in  the  second  stage.  In  this  case  the  additional  plasma  inflow  is  carried  out 
through  the  penetrated  electrodes  representing  a  set  of  rods.  However  the  anode  transformers 
do  not  provide  the  plasma  acceleration  in  a  longitudinal  direction  and  accordingly  smooth 
joining  of  the  basic  accelerated  stream  and  stream  flowing  through  the  anode.  The  researches 
[2-9]  carried  out  for  last  years  have  shown  that  the  specified  difficulties  can  be  overcome  by 
means  of  an  additional  longitudinal  magnetic  field.  Not  mentioning  questions  of  applications 
it  is  possible  to  mark  some  directions  of  researches  of  processes  in  QSPA  with  a  longitudinal 
field  and  also  to  note  the  results  received  recently. 

1.  Dynamics  of  the  plasma  streams  in  the  channel  of  QSPA.  Now  the  bases  of  the  QSPA 
theory  with  a  longitudinal  magnetic  field  are  developed  and  the  fundamental  properties  of  the 
high-velocity  plasma  streams  in  a  three-component  magnetic  field  are  revealed.  The  MHD- 
models  of  a  various  level  of  the  complexity  are  created  and  developed.  The  analytical  model 
of  the  two-dimensional  axial-symmetrical  stationary  flows  of  the  ideally  conducting  plasma  is 
developed  in  [2],  The  estimations  of  efficiency  of  the  acceleration  process  [6]  are  received 
within  the  framework  of  the  quasi-one-dimensional  approximation  of  the  narrow  channel  [1]. 
Two  numerical  MHD-models  [3,4]  of  the  two-dimensional  non-stationary  rotating  plasma 
streams  are  developed.  These  models  allow  calculating  the  stationary  flows  using  the 
relaxation  method.  Verification  of  solutions  was  carried  out  by  means  of  the  analytical 
model.  In  both  cases  the  numerical  integration  of  the  MHD-problem  assumes  to  use  a 
potential  vector  of  a  magnetic  field  and  to  provide  a  condition  of  that  the  divergence  of  a 
magnetic  field  is  equal  to  zero.  The  one-fluid  MHD-model  [4]  is  constructed  in  view  of  the 
finite  conductivity  of  medium  and  it  provides  a  correct  statement  of  a  problem  on  the  plasma- 
conductor  boundary.  It  is  established  that  the  additional  longitudinal  field  leads  to  the 
increasing  rotation  of  a  stream  and  increase  in  the  plasma  concentration  in  a  vicinity  of  an 
external  electrode.  The  basic  opportunity  to  operate  by  the  processes  near  to  the  electrodes  by 
means  of  a  weak  longitudinal  field  is  revealed.  However  the  formation  of  the  current  layers  in 
a  plasma  stream  and  the  current  attachments  to  an  electrode  in  the  plasma  accelerator  channel 
is  revealed  at  the  enough  great  values  of  a  longitudinal  field  [5],  The  Hall  effect  and  the 
electrical  conductivity  tensor  is  considered  in  the  two-fluid  MHD-model  [3].  The 
modification  of  this  model  and  the  results  of  researches  in  the  accelerator  channel  for  the  ion 
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current  transport  regime  are  presented  in  work  [8]  and  have  confirmed  an  opportunity  of 
formation  of  the  current  attachments  to  an  electrode  at  the  great  values  of  a  longitudinal  field 
which  are  not  representing  a  practical  interest. 

2.  The  compressible  plasma  flows  at  the  presence  of  a  longitudinal  field.  Researches  of 
the  compressible  streams  are  spent  within  the  framework  of  one-fluid  MHD  model.  At  the 
presence  of  a  weak  longitudinal  field  at  the  inlet  in  the  QSPA  channel  we  observe  the 
generation  of  a  strong  magnetic  field  [7]  on  a  conic  shock  wave  in  the  compressible  plasma 
stream  at  the  outlet  from  the  accelerator.  The  research  of  influence  of  the  geometrical  factors 
on  the  compressible  plasma  streams  is  carried  out.  As  a  rule  the  length  of  an  external 
electrode  surpasses  the  linear  sizes  of  an  internal  electrode.  The  narrowing  or  expansion  of  a 
part  of  the  external  electrode  being  its  continuation  behind  a  cut  of  an  internal  electrode  leads 
to  the  change  of  parameters  in  the  flying  plasma  stream.  The  parameters  of  plasma  and  value 
of  a  generated  magnetic  field  behind  a  conic  shock  wave  vary  in  the  appropriate  way. 
Nevertheless  the  change  of  geometry  of  an  external  electrode  or  more  precisely  its 
continuation  does  not  influence  a  position  of  a  conic  shock  wave. 

3.  The  experimental  realization  of  QSPA  with  a  longitudinal  magnetic  field.  On  the  basis 
of  theoretical  and  numerical  researches  the  new  installation  of  QSPA  with  a  longitudinal 
magnetic  field  [9]  is  created  at  the  Troitsk  Institute  of  Innovations  and  Thermonuclear 
Researches  within  the  framework  of  the  project  of  the  RFBR.  The  lead  experiments  have 
shown  an  opportunity  of  realization  of  the  discharges,  the  formations  of  the  ionization  front 
and  the  generation  of  the  plasma  streams  in  the  presence  of  a  longitudinal  field  in  the 
accelerator  channel.  As  a  result  of  a  series  of  experiments  the  volt-ampere  characteristics  are 
constructed  for  the  various  values  of  a  longitudinal  field  and  the  mass  flux  of  gas.  Now  two 
modifications  of  the  QSPA  with  a  longitudinal  magnetic  field  are  realized  in  practice 
adequating  to  the  two  modes  of  the  ion  and  electron  current  transport.  The  further 
development  of  the  experimental  researches  assumes  the  use  of  the  various  methods  of  the 
plasma  diagnostics. 

Work  was  supported  by  Russian  Foundation  of  Basic  Research  (grant  06-02-16707) 
and  by  Russian  Academy  of  Sciences  (program  11). 

References 

1.  Morozov  A.I.  Introduction  in  plasmadynamics.  Moscow.  Fizmatlit.  2008  (in  Russian). 

2.  Kozlov  A.N.  Influence  of  a  longitudinal  magnetic  field  on  the  Hall  Effect  in  the  plasma 
accelerator  channel.  //  J.  Fluid  Dynamics.  2003.  V.  38.  P.  653-661. 

3.  Kozlov  A.N.  Modeling  of  rotating  flows  in  the  plasma  accelerator  channel  with 
longitudinal  magnetic  field.  //  J.  Problems  of  Atomic  Science  and  Technology.  Series: 
Plasma  Physics.  2005.  No  1.  P.  104-106. 

4.  Kozlov  A.N.  Dynamics  of  the  rotating  flows  in  the  plasma  accelerator  channels  with  a 
longitudinal  magnetic  field.  //  J.  Plasma  Physics  Reports.  2006.  V.  32.  No.  5.  P.  378-387. 

5.  Kozlov  A.N.,  Zaborov  A.M.  Formation  of  the  current  attachments  in  plasma  accelerator 
channel  under  influence  of  the  longitudinal  magnetic  field.  //  J.  Problems  of  Atomic 
Science  and  Technology.  Series:  Plasma  Physics.  2006.  No.  12.  P.  93-96. 

6.  Kozlov  A.N.  Basis  of  the  quasi-steady  plasma  accelerator  theory  in  the  presence  of  a 
longitudinal  magnetic  field.  //  J.  Plasma  Physics.  2008.  V.  74.  No.  2.  P.  261-286. 

7.  Kozlov  A.N.  Generation  of  the  magnetic  field  in  the  compressible  plasma  streams.// 
Problems  of  Atomic  Science  and  Technology.  Series:  Plasma  Physics.  2008.  No.  6.  P.  101- 
103. 

8.  Kozlov  A.N.  Two-fluid  MHD-model  of  the  plasma  flows  in  the  quasi-steady  accelerator 
with  a  longitudinal  magnetic  field.  //  J.  Applied  mechanics  and  the  technical  physics.  2009. 
V.  50.  No.  2.  Forthcoming. 


83 


SESSION  6.  MHD/PA  Flow  Control 


9.  Kozlov  A.N.,  Drukarenko  S.P.,  Klimov  N.S.,  Moskacheva  A.A.,  Podkovyrov  V.L.  The 
experimental  research  of  the  electric  characteristics  of  discharge  in  the  quasi-steady  plasma 
accelerator  with  the  longitudinal  magnetic  field.  //  J.  Problems  of  Atomic  Science  and 
Technology.  Series:  Plasma  Physics.  2009.  No.  1.  Forthcoming. 

TFOPFTHHFCkHF  MCCJlF^OBAHMfl  H  3KCIIEPHMEHTAJII>HAB 
PEAJIH3AIJIM  KBA3HCTAIJHOHAPHOrO  IIJIA3MEHHOrO 
y CKOPHTE JIB  C  nPO^OJlhHhlM  MAEHHTHBIM  nOJIEM 

A.H.  Ko3Jioe 

Hhcthtyt  ItpuKna/iHOH  MaTeMaraKH  hm.  M.B.  Ken,zu>Hiia  pah, 

Mnycdcaa  mi.,  4,  MocKBa,  125047,  Pocchh,  ankoz@keldvsh.ru 

TeHepauna  BbicoxocxopocTHbix  noTOKOB  naa3Mbi  aBaaeTca  oahoh  h3  axTyaabHbix 
3aAaa  coBpeMeHHon  (})h3hkh  njia3Mbi  h  MarHHTHon  ra30AHHaMHXH.  KBa3HCTau;HOHapHbie 
cnjibHOTOHHbie  nna3MeHHbie  ycxopnreaH  (KCriY)  [1]  cnocodHbi  reHepnpOBaTb  noTOxn 
njra3Mbi  co  cpeAHeu  HanpaBaeHHon  sHepraen  hohob  ao  AecaTxoB  xaB  h  sHeprocoAepacaHHeM 
AO  AecaTKOB  Ma>k.  npocTenmne  njia3MeHHbie  ycxopnreaH  cocToaT  H3  aeyx  xoaxcHaabHbix 
aaexTpoAOB,  noAcoeAHHeHHbix  k  aaexTpHaecxoH  penn.  MeacAy  saexTpoAaMH  noAaeTca 
HeiiTpajibHbiH  ra3.  npn  HaanaHH  BbicoKoro  HanpaaceHHa  nponcxoAHT  npo6oii  n 
(J)opMupyeTca  (JipoHT  uoHM3aquu.  YcKopeHue  njia3Mbi  o6ycjroBjieHo  AencTBneM  cnjTbi 
AMnepa  b  npncyTCTBHH  a3HMyTajibHoro  MarHHTHoro  noaa,  reHepnpyeMoro  tokom, 
npoTeKaiomHM  BAoab  BHyTpeHHero  saexrpoAa.  OTpHuaTeabHoe  B03AeftcTBHe  3(]x])exTa 
Xojuia  npHBOAHT  K  3p03HH  3HeXTpOAOB  H  B03HHKH0BeHHK)  npH  OnpeACJieHHblX  yCJIOBHaX 
aBjieHua  KpH3nca  Toxa,  Bbi3BaHHoro  HeAOCTaTxoM  njra3Mbi  b  oKpecTHocTH  aHOAa.  3th 
TpyAHOCTH  b  nejiOM  y^aeTca  H36eacaTb  b  AByxcTyneHaaTbix  CHCTeMax  KCIiy  [1],  b  KOTOpbix 
peaaH30BaH  peaoiM  HOHHoro  TOxonepeHOca  e  noMombio  caoacHbix  chctcm  aHOAHoro  h 
xaTOAHoro  TpaHC(})opMepoB  BTopofi  eiyneHH.  B  stom  cayaae  npeAnoaaraeTca 
AonoaHHTeabHaa  noAaaa  naasMbi  aepe3  npOHHpaeMbie  aaexTpOAbi,  npeACTaBaaromne  codoii 
Ha6op  cTepacHeft.  OAHaxo  aHOAHbie  TpaHccJiopMepbi  He  odecneanBaioT  ycxopeHne  naa3Mbi  b 
npoaoabHOM  HanpaBaeHHH  h  eooTBeTCTBeHHo  naaBHyio  CTbiKOBKy  ocHOBHoro 
ycxopaiomeroca  noToxa  h  aHOAHoro  noAnoToxa.  IIpoBeAeHHbie  3a  nocaeAHHe  toabi 
HecaeAOBaHHa  [2-9]  noxa3aan,  hto  yxa3aHHbie  TpyAHOCTH  MoacHO  npeoAoaeTb  c  noMombio 
AonoaHHTeabHoro  npoAoabHoro  MarHHTHoro  noaa.  He  3aTparHBaa  Bonpocbi  npnaoaceHHH, 
MoacHO  BbiaeaHTb  HexoTOpbie  HanpaBaeHHa  HceaeaoBaHHH  npopeccoB  b  KCny  c 
npoAoabHbiM  noaeM,  a  Taxace  otmcthtb  pe3yabTaTbi,  noayaeHHbie  b  nocaeAHee  BpeMa. 

1.  ^HHaMHKa  noTOKOB  naa3Mbi  b  xaHaae  KCITY.  B  HacToamee  BpeMa  pa3pa6oTaHbi 
ochobbi  TeopHH  KCny  c  npoAoabHbiM  MarHHTHbiM  noaeM  h  BbiaBaeHbi  (JiyHAaMeHTaabHbie 
CBOHCTBa  BbicoxocxopocTHbix  noTOxoB  naa3Mbi  b  TpexxoMnoHeHTHOM  MarHHTHOM  noae. 
Co3AaHbi  h  pa3BHTbi  MT,!],- MOAean  pa3annHoro  ypoBHa  caoacHocTH.  Pa3pa6oTaHa 
aHaaHTHnecxaa  Moaeab  AByMepHbix  ocecHMMeTpHHHbix  CTapHOHapHbix  TeaeHHii  HAeaabHO 
npoBOAameH  naa3Mbi  [2],  Opemcn  aiJxjiexTHBHocTH  npopecca  ycxopeHHa  [6]  noayaeHbi  b 
paMxax  xBa3HOAHOMepHoro  npHSanaceHna  y3xoro  xaHaaa  [1],  Pa3pa6oTaHbi  abc  ancaeHHbie 
MT,Z],-MOAeaH  [3,4]  AByMepHbix  HecTapHOHapHbix  BpaipaiomHxca  noToxoB  naa3Mbi.  3th 
MOAean  no3BoaaiOT  paccanraTb  CTapHOHapHbie  TeaeHna  mctoaom  ycTaHOBaeHHa. 
BepH(])HxaH:Ha  pemeHHH  ocymecTBaaaacb  c  noMombio  aHaanraaecKOH  Moaean.  B  o6ohx 
cayaaax  ancacHHoe  HHTerpHpOBaHHe  MTff'iaAaaH  npeanoaaraeT  Hcnoab30BaHHe  BexTOp 
noTeHpnaaa  MarHHTHoro  noaa  n  BbinoaHeHHe  ycaoBHa  6e3AHBepreHTH0CTH  MarHHTHoro 
noaa.  OaHoacHAXocTHaa  MT^-MOAeab  [4]  nocTpoeHa  c  yaeTOM  xoHeaHoii  npOBOAHMOCTH 
cpeAbi,  aTo  o6ecneaHBaeT  xoppexTHym  nocTaHOBxy  3aAaan  Ha  rpaHnpe  naa3Ma  -  npoBOAHnx. 
ycTaHOBaeHO,  hto  AonoaHHTeabHoe  npOAoabHoe  noae  npHBOAHT  x  HapacTaiomeMy 
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BpameHHio  noTOKa  h  yBennHeHHio  KOHneHTpaqnn  njia3Mti  b  oKpecraocTH  BHemHero 
ajieKTpo^a.  BbWBJieHa  npHHnnnHajibHaa  B03MO>KHOCTb  ynpaBjniTb  npHSJieKTpo^HbiMH 
npopeccaMH  c  noMombio  cjia6oro  npo^ojibHoro  nojia.  O^HaKo  npn  AOCTaTOHHo  6ojibiuHx 
3HaneHHax  nponojibHoro  norm  oSHapyaceHO  (jjopMHpOBamie  tokobhx  cjiocb  b  noTOice 
njia3Mbi  h  npHBH30K  Toxa  k  3jieKTpo,ay  b  KaHajie  njia3MeHHoro  ycKopnTejia  [5].  B 
flByxaCHAKOCTHOH  Mr^-MO^eJIH  [3]  yHHTbIBaeTCa  3<f><j)eKT  XojIJia  H  TeH30p  IIpOBO,Zl,HMOCTH. 
MoAH^HKapHa  3toh  MOAejiH  h  pe3yjTbTaTbi  HccjieAOBaHHM  b  KaHaae  ycKopHTeaa  juw  peacHMa 
noHHoro  TOKonepeHOca  npencTaBJieHbi  b  pa6oTe  [8]  h  no^TBepAHaH  B03M0acH0CTb 
(J)opMHpoBaHHa  npHBa30K  Toxa  k  3aeKTpoAy  npn  6ojibinnx  3HaneHHax  npoAoabHoro  noaa,  He 
npeflCTaBJiaiomHx  npaKTnnecicoro  HHTepeca. 

2.  KoMnpeccnoHHbie  TeneHna  njia3Mbi  npn  muiii'iim  npo,aojibHoro  nojia.  Hccae^oBaHHa 
KOMnpeccHOHHbix  noTOKOB  npOBO^aTca  b  paMicax  o,h;ho)kh,zi,kocthoh  Mm-MOflejin.  npn 
HaaHHHH  caa6oro  npoaoabHoro  noaa  Ha  Bxoae  b  KaHaa  KCIiy  o6HapyaceHa  reHepaqna 
cnabHoro  MarHHTHoro  noaa  Ha  kohhhcckoh  yaapHOH  BoaHe  b  KOMnpeccHOHHOM  noTOKe 
naa3Mbi  Ha  Bbixoae  H3  ycKopHTeaa  [7].  IIpoBeaeHO  nccaeaoBaHne  bjthhhhb  reoMeTpHnecKHX 
(JjaKTopoB  Ha  KOMnpeccHOHHbie  noTOKH  naa3Mbi.  .ZfnnHa  BHemHero  saeKTpoaa,  Kaic  npaBHJio, 
npeBocxoAHT  aHHeftHbie  pa3Mepbi  BHyTpeHHero  aaeKTpoaa.  Cyacemie  hjih  pacniHpeHHe 
nacTH  BHemHero  aaeKTpoaa,  aBaatomeMca  ero  npoaoaaceHHeM  3a  cpe30M  BHyTpeHHero 
aaeKTpoaa,  npHBOAHT  k  H3MeHeHHio  napaMeTpoB  b  Ha6eraiom,eM  noToxe  naa3Mbi. 
CooTBeTCTByiomHM  o6pa30M  MeHaiOTca  napaMeTpbi  naa3Mbi  h  3HaaeHHa  reHepnpyeMoro 
MarHHTHoro  noaa  3a  KOHHnecKon  yaapHoft  bojihoh.  TeM  He  MeHee,  H3MeHeHne  reoMeTpHn 
BHemHero  saeKTpoaa  nan  TOHHee  ero  npoaoaaceHna  He  BanaeT  Ha  noaoaceHne  KOHnaecKon 
yaapHoft  BoaHbi. 

3.  OKcnepmvieHTajibHaH  pea.nnanim  KCIIY  c  npoaojibHbiM  MarHHTHbiM  nojieM.  Ha 

ocHOBe  TeopeTHaecKHx  n  ancaeHHbix  nccaeaoBaHHH  b  paMKax  npoeKTa  POOH  co3aaHa  b 
TPHHHTH  HOBaa  ycTaHOBKa  KCnY  c  npoaoabHbiM  MarHHTHbiM  noaeM  [9],  npOBeaeHHbie 
3KcnepHMeHTbi  npoaeMOHCTpHpoBaan  B03MoacHocTb  ocymecTBaeHna  pa3paaoB, 
(JjopMHpOBaHna  (jipoHTa  HOHH3au;HH  n  reHepaunn  noTOKOB  naa3Mbi  npn  Haanann 
npoaoabHoro  noaa  b  KaHaae  ycKopnTeaa.  B  pe3yabTaTe  cepHH  sKcnepnMeHTOB  nocTpoeHbi 
BoabTaMnepHbie  xapaicrepHCTHKH  aaa  pa3anaHbix  3HaaeHHH  npoaoabHoro  noaa  n  pacxoaa 
ra3a.  B  HacToamee  BpeMa  peaaH30BaHbi  Ha  npaKTHKe  aee  MoancJinKaunn  KCny  c 
npoaoabHbiM  MarHHTHbiM  noaeM,  OTBcaaiomne  aeyM  peacmviaM  HOHHoro  h  3JieKTpOHHoro 
TOKonepeHOca.  ^aabHenmee  pa3BHTne  3KcnepnMeHTaabHbix  nccaeaoBaHHH  npeanoaaraeT 
Hcnoab30BaHHe  pa3anaHbix  MeToaoB  anaraocTHKH  naa3Mbi. 

Pa6oTa  BbinoaHeHa  npn  noaaepacKe  POOH  (npoeKT  N°  06-02-16707)  h  npe3nanyMa 


MATHEMATICAL  MODELING  OF  JET  OUTFLOWS  FORMATION 
AROUND  COMPACT  OBJECTS  WITH  ACCRETION  DISKS 


Lukin  V.V. 

Keldysh  institute  of  applied  mathemetics  RAS,  Russia,  Moscow 
vvlukin@gmail.com 

Class  of  problems  relating  to  jet  outflows  and  particle  acceleration  around  compact 
objects  is  one  of  the  most  interesting  classes  of  astrophysical  problems.  Such  outflows 
shortely  called  “jets”  are  observed  in  active  galactic  nuclei  (galaxy  M87)  and  microquasars 
(SS433)  [1], 

We  suppose  that  jet  arising  system  consists  of  three  elements:  (1)  compact  central 
gravitating  object  and  (2)  thin  perfectly  conducting  accretion  disk  with  poloidal  homogeneous 
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magnetic  field  trapped  in  are  submerged  in  (3) 
a  «cloud»  of  galactic  plasma  (which  main 
source  is  star-partner  of  compact  object) 
supersonic  falling  down  to  central  object. 

Mathematical  model  of  the  system  (fig. 
1)  consist  of  ideal  magnetohydrodynamics 
equations  subject  to  gravitational  force 
produced  by  compact  object  with  initial  and 
boundary  conditions  setting  up  supersonic 
accretion  to  compact  object  (star)  with 
accretion  disk.  System  of  equations  is  solved 
in  twodimensional  axisymmetric  area  and 
includes 


Fig.l.  Calculating  area 


> 

> 


equation  of  continuity:  ^  +  v(pv)  =  0/ 


dt 


f  at. 


pulse  conservation  law:  p\—  +  (v, v)v 

V  dt 


-Vp  +  — (vx  l*)x  B  +  F; 
4tt  V  1 


r 


>  energy  conservation  law:  +  v((e  +  p)v)  =  F  v  ■  (v  x  b)x  b  +  F  ■  v; 

>  Faradey’s  law:  —  =  vxfvx^)- 

dt  v  ' 

Here  p  is  gas  density,  v  =  (vz,vr,v  )-  gas  velocity  vector,  p  -  gas  pressure,  y  - 

adiabatic  exponent,  e  —  p/(y  -1)  +  p  \  v  \2  -  full  energy  of  unit  volume  of  gas, 

B  =  (Bz,Br,Bip)  -  magnetic  induction  vector.  Equation  of  state  p  =  {y  - 1  )pe ,  s  -  specific 
interior  energy.  Gravitational  force  is  defined  in  the  following  way: 

F  =  -G^F  —  ,R  =  yV2  +z2  >  r  ,  F  =  -G^F-,R  <  r  ,  where  G  -  gravitational  constant, 

R2  R  c  r2  R 

c 

M-  central  object  mass,  r  =  ( z,r,tp )  -  radius  vector,  rc  -  effective  radius  of  central  body. 

Main  dimentionless  parameters  of  system  are  [>  =  8 np0  /  B2  =  0.02 , 


R 


Fig.2.  Poloidal  momentary  lines  of flow  (left)  and  magnetic  field  (right). 


g  =  GM/L0V2  =0.5  ,  co  =  L0Q0/V0  =  1 . 

Numerical  solution  has  a  number  of  characteristics  (fig.  2). 


86 


SESSION  6.  MHD/PA  Flow  Control 


1.  Cone-shaped  channel  with  hot  walls  arises  around  axis.  It  contains  system  magnetic  field 
and  matter  which  density  is  by  several  digits  less  than  density  of  accreting  plasma.  The 
channel  form  conforms  to  De  Laval  nozzle,  and  location  of  critical  section  is  determined 
by  location  of  accretting  matter  stagnation  area  and  gravitational  field. 

2.  The  channel  walls  enable  matter  entering  the  channel  to  be  accelerated  by  central  hot  body 
radiational  pressure. 

3.  Such  accelerated  jet  is  well  collimated:  channel  form  is  cone  with  nonlinear  generatrix, 
angle  between  generatrix  and  z-axis  in  segment  0.75<z<2.0  averages  12.2°. 

4.  Jet  matter  speed  on  the  top  boundary  of  computational  area  is  14  km/s,  rate  of  matter 
outflow  is  about  13%  of  accretion  rate. 

The  work  was  done  with  partial  financial  support  from  RFBR  (project  N°  09-01-00151). 
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MATEMATHHECKOE  MO^EJIHPOBAHHE  0EPA30BAHHB 
CTPYHHblX  BblEPOCOB  OKOJIO  KOMIIAKTHblX  OEbEKTOB  C 

AKKPEIJHOHHbIMH  ^HCKAMH 

JlyKun  B.B. 

HHCTHTyT  npHKna/iHOH  MaTeMaraKH  hm.  M.B.  Kenubima  PAH,  Poccna,  MocKBa 


npoSjieMbi,  CBaiaHHbie  co  CTpyiiHbiMH  BbiSpocaMH  h  ycKOpeHneM  nacTHii  b 
OKpecTHocTax  KOMnaKTHbix  o6beKTOB,  cocTaBjnnoT  o^hh  H3  Han6ojiee  HHTepecHbix  KjiaccoB 
3aaan  acTpo<j)H3HKH.  no,a,o6Hbie  Bbi6pocbi,  Ha3biBaeMbie  .qaceTaMH,  HaSmonaiOTca  y 
aKTHBHbix  rajiaKTHuecKHx  a,nep  (ranaKTHKa  M87),  MHKpoKBa3apoB  (o6beKT  SS433)  [1]. 

B  pa6oTe  npennonaraeTca,  hto  cncTeMa,  noponcnaiomaa  .qnceT,  coctoht  h3  Tpex 
ochobhbix  ajieMeHTOB:  (1)  KOMnaKTHoro  ueHTpajibHoro  rpaBiiTupyiomero  o6beKTa  c  (2) 
TOHKHM  HAeajIbHO  npOBOflamHM  aKKpepHOHHblM  AHCKOM,  B  KOTOpblH  BMOpOXCeHO 
nojTon^ajTbHoe  o^Hopo^Hoe  MarauTHoe  none,  norpyaceHHbix  b  (3)  «o6naKo»  ranaKTHHecKoft 
nna3Mbi  (ochobhoh  hctohhhk  KOTOpon  -  3Be3na-napTHep  KOMnaKraoro  o6beKTa),  nanaioinen 
Ha  peHTpajIbHbffl  o6beKT  CO  CBepX3ByKOBbIMH  CK0p0CT3MH. 

MaTeMaraHecKaa  Monenb  paccMaTpHBaeMOH  CHCTeMbi  (cm.  pnc.  1)  coctoht  h3 
CHCTeMM  ypaBHeHHH  nneajibHOH  MaramHOH  runponuHaMUKH  c  yueTOM  rpaBHTapHOHHoft 
CHJibi,  cosnaBaeMOH  xoMnaxTHbiM  ueTpanbHbiM  oGtcktom,  h  HauajibHbix  h  rpaHHHHbix 
ycnoBHH,  3anaK)uiHx  cBepx3ByKOByio  axxpepmo  Ha  xoMnaxTHbift  o6beKT  (3Be3ny)  c 
aKKpepHOHHbiM  nucKOM.  CncTeMa  ypaBHeHHH  pemaeTca  b  neyMepHon  ocecHMMeTpHHHoii 
o6nacTH  aHanornuHo  [2]  h  BKiuoHaeT 

>  ypaBHeHHe  Hepa3pbiBHOCTH :  +  v(pv)  =  0; 

dt 


>  3axoH  coxpaHeHHH  HMnyjibca: 


/-  +  (v,V)v)  =  -Vp+  — (Vxs)x5+F; 
v  dt  J  4ny  ’ 


> 


3aKOH  coxpaHeHHii  3HeprHH: 


-  +  V((e  +  »V)  =  -v-(vxs)xS  +  FT; 
dt  VV  '  '  4tc  V  ’ 


>  3axoH  Oapa^ea:  —  =  v  x  (v  x  b). 

dt  v  ' 
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3^ecb  p  -  nnoTHOCTb  ra3a,  v  =  (vz,vr, v  )-  BeKTOp  CKOpocm  ra3a,  p  -  ra30Boe 
aaBJieHHe,  y  -  noKa3aTejib  apnadaTbi,  e  =  pl(j  - 1)  +  p  \  v  |2  -  nonHaa  SHepraa  epHHHHbi 
o6beMa  ra3a,  B  =  (B:, Br , Btp )  -  BeKTOp  MarHUTHoh  hh^ykiimh.  YpaBHeHne  coctobhhb 
P  =  (y- 1  )pe ,  s  -  y^ejibHaa  BHyTpeHHaa  sHepraa.  P paBHTapHOHHaa  cnjia  onpegejiaeTca 

_  v  i -  —  IvId  v 

cjie^yiomHM  o6pa30M:  F  = -G — y- —  ,R  =  y/r2  +  z2  >  rc,  F  = -G — y- —  ,R<rc,  rpe  G  - 

R  R  r  R 

c 

rpaBHTapHOHHaa  nocroaHHaa,  M  -  Macca  peHTpajibHoro  odbeKTa,  r  =  (z,  r,  cp)  -  papnyc- 
BeKTOp  tohkh,  rc  -  3(J)(J)eKTHBHbiH  papnyc  ueHTpaabHoro  Tena. 

OcHOBHbie  6e3pa3MepHbie  napaMeTpbi  cncTeMbi:  f>  =  8 np0  /  B\  =  0.02 , 

g  =  GM / L0Vq  =0.5,  co  =  L0Q0/V0  =  1 . 

HucjTeHHoe  peineHne  odjiapaeT  pagoM  oco6eHHocTeii  (cm.  pnc.  2). 

5.  B  paftoHe  och  o6pa3yeTca  KOHy cobhphbih  KaHaa  c  ropauHMH  cTeHKaMH,  cogepacamHH 
MarHHTHoe  none  chctcmbi  h  BeipecTBO,  naoTHOCTb  KOTOporo  Ha  HecKonbKO  nopapKOB 
HHace  naoTHocTH  aKbpeunpyiomeH  naa3Mbi.  cDopMa  KaHaaa  cooTBeTCTByeT  (})opMe  conaa 
JlaBaaa,  npnueM  noaoaceHHe  KpHTHuecKoro  ceaeHHa  onpeaeaaeTca  noaoaceHHeM 
o6aacTH  3acToa  aKKpeuppyiomero  BeipecTBa  h  rpaBHTapHOHHbiM  noaeM. 

6.  Ctchkh  KaHaaa  co3aaiOT  B03M0acH0CTb  aaa  pa3roHa  nocTynaioiHero  b  KaHaa  BemecTBa  3a 
caeT  pagHapHOHHoro  aaBaeHna  H3ayaeHHa  peHTpaabHoro  Teaa. 

7.  ^yKCT,  ycKOpeHHbm  b  ho,zjo6hom  KaHaae,  aBaaeTca  xoporno  KoaaHMHpOBaHHbiM :  KaHaa 
HMeeT  bhp  KOHyca  c  HeaHHeiiHOH  o6pa3yioiri,eH,  yroa  c  ocbio  z  KOTopoft  Ha  yaacTKe 
0.75<z<2.0  cocTaBaaeT  no  BHeuiHeii  rpamipe  pacceaHHa  12.2°. 

8.  CKopocTb  BemecTBa  paceTa  Ha  BepxHen  rpaHnue  pacaeTHoft  o6aacTH  cocTaBaaeT  14  km/c, 
TeMn  BbiSpoca  BemecTBa  cocTaBaaeT  nopaana  13%  ot  TeMna  aKKpepHH. 

Pa6oTa  BbinoaHeHa  npn  aacTHaHoft  (JumaHcoBou  noaaepacKe  POOH  (npoeKT  N°  09- 
01-00151). 

AXISYMMETRIC  ELECTRIC  DISCHARGE  AS  A  METHOD  FOR  GAS 

HEATING  AT  DISTANCE 

I.  A.  Kossyi,  E.M.Barkhudarov,  T.S.Zhuravskaya1 ,  V.A.Levin',  V.  V.Markov1,  N.A.Popov2,  M.I.  Taktakishvili 

and  S.M.  Temchin 

A.M. Prokhorov  General  Physics  Institute  of  RAS,  Moscow,  Russia 
institute  of  Mechanics,  Moscow  State  University,  Moscow,  Russia 
2D.  V.Skobeltsyn  Institute  of  Nuclear  Physics,  Moscow  State  University,  Moscow,  Russia 

E-mail:  kossvi@fpl.gpi.ru 

First  results  of  experimental  and  theoretical  study  of  cumulative  converging  shock 
wave  as  an  igniter  of  combustion  in  a  gas  flow  are  presented. 

The  experimental  setup  has  been  built  around  an  annular  multielectrode  discharge 
system.  A  high-current  discharge  is  excited  along  the  inner  surface  (which  is  faced  toward  the 
Z  axis)  to  form  an  annular  plasma  layer  that  gives  rise  to  a  toroidal  (annular)  shock  wave  that 
converges  at  the  axis. 

The  primary  task  of  this  work  is  experimental  and  theoretical  determination  the  gas 
temperature  Tg  in  the  cumulation  region  (on  the  focus)  of  the  shock  wave.  We  have  to  clear 
up  the  question  as  to  whether  the  temperature  Tg  and  the  size  of  heating  region  are  high 
enough  for  initiation  of  combustion. 
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The  experimental  solution  of  this  problem  is  based  on  the  two  diagnostic  scheme 
intended  for  measurement  of  after  cumulation  running  along  the  Z  axis  shock  waves 
parameters:  pressure  sensors  and  optical  “refractive”  detection  of  axial  shock. 

The  mathematical  model  of  converging  toroidal  shock  wave  has  been  developed  in  the 
Institute  of  Mechanics  of  Moscow  State  University.  In  the  framework  of  this  model  gas 
pressure,  gas  temperature  and  gas  density  evolution  along  the  Z  axis  after  toroidal  shock  wave 
focusing  (for  energy  release  in  gas  in  the  region  of  this  wave  formation  close  to  the  realized  in 
the  experiment)  is  calculated.  Comparison  of  experimental  results  with  this  calculation 
permits  to  estimate  value  of  gas  temperature  achievable  in  experiment.  Results  of  such 
estimations  are  presented. 

Analysis  of  toroidal  shock  wave  application  for  combustion  ignition  has  been 
performed. 

Results  of  first  experiments  devoted  to  the  problem  of  combustible  gas  ignition  with 
help  of  cumulative  toroidal  shock  wave  are  presented. 

OCECHMMETPHHHLIH  3JIEKTPHlIECKHH  PA3Pfl^,  KAK 
CnOCOE  ^HCTAHIJHOHHOrO  HArPEBA  TA3A 

H.A.Kocchiu,  S.M.Eapxydapoe,  H. A'. Eepe,)icei(i<a>i,  T.C.fflypaecKan1 ,  B.A.Konbee,  B.A.JIeeun1 ,  B.B.Maptcoe1, 
H.A.IIonoe2,  M.H.TaKmaKuiueujiu,  H.M.Tapacoea,  C.M. Tcmhiui 

ttHCTHTyT  06i±ieii  ®h3hkh  hm.  A.M.FIpoxopoBa  PAH,  MocKBa 
'HHCTinyr  MexaHHKH,  MrY,  MocKBa 
2HHCTHTyT  .fluepHOH  ®h3hkh  hm.  ff.B.CKo6ejibu,biHa,  MrY,  MocKBa 

IIpe^cTaBjieHBi  nepBtie  pe3yjrbTa™  oKcnepuMeHTantHoro  h  TeopeTunecKoro 
HCCJieflOBaHua  KyMyjiflTHBHO  cxo^ameiica  y^apHOH  bojihbi,  xax  mumnaTopa  BOcnjiaMeHemia 
ra30Boro  noToica. 

Co3^aHa  3KcnepHMeHTajibHaa  ycTaHOBKa  Ha  6a3e  KOJiBijeBoro  MHoro3JieKTpo,zjHoro 
pa3pa^Horo  ycTpoftcTBa.  Ha  stoh  ycTaHOBKe  chjibhotohhbih  pa3pa^,  B036y>K£aeMBiH  b^ojib 
BHyTpeHHeii  (o6pain;eHHOH  k  Z  och)  noBepxHOcm  KOJiBiia,  co3,zjaeT  kojibhcboh  njia3MeHHbiH 
cjioh,  reHepiipyTomun  cxo,zjamyK)ca  k  och  y^apHyio  BOJiHy. 

OcHOBHaa  3anaua  HacToameii  padoTBi  laiononaeTca  b  SKcnepHMeHTajibHOM  h 
TeopeTHuecxoM  onpe^eneHHH  TeMnepaTypBi  T„  b  odjiacTH  xyMyjiapHH  (b  (JioKyce)  y^apHOH 
BOJIHBI.  npeflCTOaJIO  BBIflCHHTB,  flOCTaTOHHO  JIH  BCJIHKH  TCMnepaTypa  Tg  H  pa3Mep  o6jiaCTH 
HarpeBa  pa  HHuunaquu  BocnjiaMeHeHHa. 

3KcnepHMeHTajibHoe  pemeHne  npo6jieMBi  ocHOBBiBanocB  Ha  jiByx  flHarHOCTHuecKHx 
cxeMax,  npe^Ha3HaueHHBix  .qjia  H3MepeHHa  napaMeTpoB  nocjieKyMyjiapHOHHoft  aKcuajiBHon 
(pacnpocTpaHaiomeHca  bhojib  och  Z)  y^apHOH  bojihbi:  MiMepcHMa  nbesojiaTHHKOM  h 
OnTHHeCKHM  «pe(})paKU;HOHHBIM»  AaTHHKOM. 

MaTeMaTHuecKaa  MO^ejib  cxonameiica  TOpOH^ajiBHOH  y^apHOH  bojihbi  nocTpoeHa  b 
HHCTHTyTe  MexaHHKH  MTY.  B  paMKax  Mo^ejiH  paccuHTaHa  ^HHaMHKa  ra30Boft 
TeMnepaTypBi,  ra30B0H  hjiothocth  h  ra30Boro  jiaBJieHHa,  CBa3aHHaa  c  aKCHajibHoii  y^apHOH 
BOJIHOH,  B03HHKaK>meft  nOCJie  (JlOKyCHpOBKH  TOpOH^ajIBHOH  y^apHOH  BOJIHBI  (AJia 
KOJiBueBoro  3HeproBBijiejieHHa,  6jih3koto  k  peajiH30BaHH0My  b  SKcnepHMeHTe). 
ConocTaBjieHHe  SKcnepHMeHTajiBHBix  pe3yjiBTaTOB  c  pacueraMH  no3BOJiaeT  ohchutb 
BejiHHHHy  rasoBoii  TeMnepaTypBi,  ,zi;octhhchmoh  b  SKcnepHMeHTe. 

npeAJioaceH  aHajiH3  bo3mo>khocth  HcnojiB30BaHHa  Topon^ajiBHon  y^apHoft  bojihbi 
AJia  HHHHHaHHH  BOcmiaMeHeHHa  ra30BBix  noTOKOB.  npHBOflaTca  nepBBie  (npeflBapHTejibHBie) 
pe3yjTBTaTBi  TKcnepmieHTOB,  nocBameHHBix  Hccae^oBaHHio  npo6jieMBi  B03ropamia  MeTaH- 
KHcaopOAHOH  CMeen  KyMyjinpyiomeH  ToponjiajibHoii  y^apHOH  bojihoh. 
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TO  A  THEORY  OF  GAS  DISCHARGES  IN  FREE  SPACE 


V.L.  Bychkov ,  S.A.  Dvinin 

M.V.Lomonosov  Moscow  state  university,  s  dvinin@mail.ru 


Gas  discharge  in  free  space  is  applied  in  many  tasks  of  modem  plasma  aerodynamics. 
A  feature  of  these  tasks  consists  in  a  necessity  to  jointly  consider  a  gas  flow  and  a  large 
number  of  plasma  chemical  reactions  taking  place  in  the  gas  discharge.  At  that  it  is  necessary 
to  account  spatial  non-uniformity  of  considered  processes.  Relatively  simple  description  of  a 
kinetics  with  a  help  of  one  equation  (Dvinin  S.A.,  Ershov  A.P.,  Timofeev  I.B.  Teplofiz.  High. 
Temper.,  2004,  42,  157)  of  an  ambipolar  diffusion  for  charges  particles  has  allowed 
qualitatively  correctly  to  describe  phenomena  observed  in  the  discharge.  However,  in  general 
case  chemical  processes  in  the  discharge  are  quite  complicated  and  compel  to  use  a  system  of 
balance  equations  for  different  chemical  components  which  solution  is  difficult  even  in  0- 
dimension  system  without  speaking  about  a  discharge  in  3D  space. 

In  this  connection  it  is  interesting  to  clarify  at  which  conditions  a  complicated 
equation  system  of  multi  component  kinetics  can  be  changed  by  a  small  number  diffusion 
equations  (say,  1-3)  with  “effective”  coefficients  of  diffusion  and  frequencies  of  active 
particles  birth.  In  the  most  successful  case  there  can  remain  only  one  equation  and  this 
essentially  simplifies  an  analysis  of  occurring  processes  and  allows  to  use  well  known  results 
of  one  component  models. 

Let  us  consider  a  problem  of  a  gas  discharge  in  the  complicated  chemically  reacting 
medium  ,  which  we  will  describe  by  an  equation  system  for  concentrations  of  m  chemical 
components  N(r ,t)  =  (nl,...,nm) 


(1) 


Let  a  chemical  reaction  transfers  a  system  from  a  state  (1)  to  a  state  (2)  (Fig.  1).  A 
fundamental  idea  of  the  following  calculations  is  a  hypothesis  that  a  state  of  the  chemical 
system  during  a  reaction  development  in  the  non-uniform  medium  is  close  to  the  state  on  a 
separatrix  which  is  realized  in  weakly  non-uniform  medium. 

The  condition  of  this  hypothesis  fulfillment  is  a  difference  in  chemical  reactions 
velocities  that  describe  a  motion  to  the  separatrix  from  the  closest  point  and  a  motion  along 
the  separatrix.  For  construction  of  motion  hierarchy  it  is  necessary  to  consider  a  linear 
problem  for  eigenvalues,  starting  from  the  equation  (1)  in  the  neighborhood  of  the 
separatrix. 

Projecting  real  way  of  a  chemical  reaction  to  the  eigenvectors  corresponding  to  stable 
and  unstable  eigenvalues  one  can  effectively  decrease  a  dimension  of  the  phase  space  and 
transform  the  equation  system  (1)  to  one  diffusion  equation  with  a  nonlinear  source 


(2) 


With  effective  coefficients  of  charged  particles  births  and  transport  coefficients. 
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Values  of  the  effective 
coefficients  depend  on  velocities  of 
chemical  reactions  and  values  of 
diffusion  coefficients  for  definite 
plasma  components.  Since  reaction 
velocities  depend  on  charged  particles 
densities  then  the  effective  transport 
coefficients  can  depend  on  these 
densities,  i.e.  on  a  point  in  the  phase 
space.  Transport  coefficients  in  some 
definite  conditions  can  depend  also  on 
a  media  non-uniformity  typical  scale  in 
the  neighborhood  of  the  given  point. 

In  the  work  we  have  also 
analyzed  self-similar  solutions  of  the 
equation  (1)  of  type  n(x-Vt)  and 
obtained  approximate  expressions  for 
an  ionization  wave  velocity.  We  have 
analyzed  conditions  at  which  chemical 
reaction  wave  propagation  velocity  is  expressed  by  simple  formulas,  but  with  effective 
diffusion  coefficients  and  frequencies  of  particle  birth. 

Conclusions 

We  have  proposed  a  mathematical  model  of  chemical  reaction  front  propagation 
characteristics  calculation  in  multi  component  medium.  The  model  is  based  on  a 
transformation  of  the  balance  equation  system  for  different  plasma  components  to  one 
diffusion  equation  with  the  nonlinear  source.  The  basis  for  such  a  simplification  consists  in 
difference  of  various  processes  chemical  reaction  velocities.  The  proposed  method  is 
demonstrated  with  a  help  of  particular  examples  -  ionization  wave  propagation  over  a 
medium  with  attachment  and  impact  of  excited  particles  on  ionization  wave  propagation. 

K  TEOPHH  TA30BLIX  PA3Pfl£OB  B  CBOBO^HOM 

IIPOCTPAHCTBE 

B.JI.  EbiHKoe,  C.A. ,  hut  huh 

Mockobckhh  rocyflapcTBeHHbiii  yHHBepcHTeT  hm.  M.B.JIoMOHOCOBa,  s  dvinin@mail.ru 

Ta30BbiH  pa3pa^  b  cbo6oahom  npocTpaHCTBe  [1-3]  npHMeHaeTca  bo  MHornx  3aAavax 
coBpeMeHHoii  njia3MeHHOH  aapoflHHaMHKH  [4-6],  Cneu;Hc|)HKOH  sthx  3aaau  aBJiaeTca 
Heo6xoAHMocTb  coBMecTHoro  paccMOTpemia  kbk  TeueHna  ra3a,  Tax  h  6ojii>moro  KOjmvecTBa 
xHMHuecKHx  peaKmiii,  npoTexaiomnx  b  ra30B0M  paspime.  Ilpn  stom  npHHUHnnajibHO 
Heo6xoAHMo  yuHTbreaTb  npocTpaHCTBeHHyK)  Heo^Hopo^HocTb  paccMaTpiiBaeMbix 
nponeccoB.  OTHOCHTenbHO  npocToe  onncaHne  khhcthkh  c  noMombio  o,a;Horo  ypaBHCHiia 
aMdnnojTapHoh  AU(]xliy3HH  jynst  3apaaceHHbix  nacTiiu,  npoBe,neHHoe  b  pa6oTe  [7],  no3BOJiHno 
KauecTBeHHO  npaBHJibHO  onncaTb  HadmoflaeMbie  b  paapa^e  aBJieHiia.  O^HaKO  b  o6in;eM 
cjiyuae  nponcxoAaiiuie  b  paapa^e  xiiMnuecKne  nponeccbi  BecbMa  cnoacHbi  h  BbiHyayjaioT 
Hcnojib30BaTb  cncTeMy  ypaBHemin  6anaHca  ana  pauinnHbix  xhmhhcckhx  KOMnoHeHT, 
pemeHne  KOTopoft  npe^cTaBjiaeT  cnoacHocTb  .qaace  b  O-MepHoh  cncTeMe,  He  roBopa  yace  o 
pa3paqe  b  TpexMepHOM  npocTpaHCTBe. 


Fig.  1.  Phase  portrait  of  a  two-component  chemical  system 
with  two  stationary  points:  0a3oeuu  nopmpem 
deyxKOMnoHeHmnou  ximunecKou  cucmeMbi  c  deyMH 
cmaituoHapHbiMU  moHKOMu:  a  saddle  (1)  and  a  stable  node 
(2). 
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B  CB33H  C  3THM  npeACTaBHaeT  HHTepeC  BbiaCHHTb,  npH  KaKHX  yCJIOBHflX,  CJIOaCHaa 
CHCTeMa  ypaBHeHHH  MHoroxoMnoHeHraoft  KHHeraxn  MO/KeT  6biTb  3aMeHeHa  He6ojibniHM 
HHCHOM  ypaBHeHHH  AH(J)(J)y3HH  (1-3)  C  «3(J)(J)eKTHBHbIMH»  K03(J)(J)HAHeHTaMH  ^H(J)(})y3HH  H 
nacTOTaMH  poacAemia  aKTHBHbix  yacTHH.  B  HaH6onee  yaanHOM  caynae  TaKoe  ypaBHeHHe 
MoaceT  ocTaraca  tojibko  oaho,  hto  cymecTBeHHo  ynpocTHT  aHaaro  npoHcxoAaiAHx 
npoijeccoB  h  aaca  B03M0acH0CTb  BOcnoab30BaTbca  xoporno  H3BecTHbiMH  pe3yabTaTaMH 
aHajiH3a  oAHOKOMnoHeHTHbix  Moaeaeft. 

P accMOTpHM  3aaany  o  ra30B0M  pa3paae  b  cjio>khoh  xHMHHecxH-pearnpyiomeH  cpeAe, 
KOTopyio  6yAeM  onncbiBaTb  chctcmoh  ypaBHeHHH  /pa  KOHpeHTpapHH  m  xhmhhccxhx 
KOMnoHeHT  N(r ,t)=(nl,...,nm) 


8rtj_ 

8t 


d  m 

8xu  j= 1  U 


m 


dnj 


=  Ft( N) 


(1) 


IlycTb  xHMHHecKaa  peaxuna  nepeBOAHT  cpeAy  H3  cocraaHHa  (1)  b  coctohhhc  (2) 
(Phc.  1).  OcHOBonojiarafomeli  Haeeft  aaabHeHiHHx  pacneTOB  aBjiaeTca  rnnoTe3a  o  tom,  hto 
cocToaHHe  xhmhhccxoh  CHCTeMbi  b  HeoAHOpOAHOH  cpeAe  b  npoHecce  pa3BHTHa  peaxijHH 
6jth3ko  k  cocToaHHio  Ha  cenaparapnce  peaamyiomeMyca  b  caa6oHeoAHopoAHoft  cpeAe. 
y  CHOBHCM  BbinOJIHeHHa  3TOH  THnOTe3bI  aBJiaeTCa  pa3JlHHHC  B  CKOpOCTaX  XHMHHeCKHX 
peaKpHH,  onHCbiBaTOHiHx  ABHaceHHe  k  cenapaTpHce  ot  6aH5xaHimix  Tonex  h  ABHaceHHe  no 
cenapaTpHce.  ,Haa  nocTpoeHHa  nepapxHH  abh/kchhh  hco6xoahmo  paccMOTpeTb  jiMHenHyio 
3aaany  Ha  coScTBeHHbie  3HaneHHa,  BbiTexatomyio  H3  ypaBHeHHa  (1),  b  OKpecTHOCTH 
eenapaTpHCbi. 

IIpoeKTHpya  peajibHbiH  xoa  xhmhhccxoh  peaKUHH  Ha  co6cTBeHHbie  Bexrapa, 
COOTBeTCTByiOmHe  yCTOHHHBbIM  H  HeyCTOHHHBbIM  Co6cTBeHHbIM  3HaHeHHaM  MO/KHO 
3(J)(J)eXTHBHO  nOHH3HTb 

Pa3MepH0CTb  (J)a30Boro  npocTpaHCTBa  h  b  Han6oaee  npocTOM  caynae  cbccth  CHCTeMy 
ypaBHeHHH  (1)  x  OAHOMy  ypaBHeHHio  AH(J)([)y3HH  c  HeaHHeimbiM  hctohhhxom 


dnx  d 
dt  dx 


Ue/M  )En\ 


8_ 

dx 


(2) 


C  3(J)(J)eXTHBHbIMH  K03(J)c[)HpHeHTaMH  pO/XAeHHa  3apa>XCHHbIX  HaCTHU;  H  X03(J)(J)HAHeHTaMH 
nepeHOca. 

3HaneHHa  3(})c[)eXTHBHbTX  K03(J)cl)HAHeHT0B  3aBHCaT  OT  CXOpOCTeft  XHMHHeCKHX 
peaxu;HH  h  3HaneHHH  xo3c|)(J)Hu;HeHTOB  AH<]H])y3HH  Aaa  onpeAeaeHHbix  xomhohcht  naa3Mbi. 
IIocxoabKy  cxopocTH  peaxpHH  3aBHcaT  ot  naoTHocTeft  3apaaceHHbix  Hacrap,  to  h 
3(j)(J)exTHBHbie  K03(J)c[)HHHeHTbi  nepeHOca  MoryT  3aBHceTb  ot  3thx  naoraocTeH,  T.e.  ot  tohxh 
b  (})a30B0M  npocTpaHCTBe .  B  onpeAeaeHHbix  ycaoBHax  xo3(J)c[)HpHeHTbT  nepeHOca  MoryT 
3aBHceTb  Taioxe  ot  xapaxTepHoro  MacnrraSa  hcoahopoahocth  cpeAbi  b  oxpecTHOCTH  aaHHOH 

TOHXH. 

B  pa6oTe  npoaHanH3HpOBaHbi  Tax>xe  aBTOMOAeabHbie  pemeHHa  ypaBHeHHa  (1)  BHAa 
n(x-Vt)  h  noayHeHbi  npHSaHaceHHbie  BbipaaceHHa  Aaa  cxopocra  BoaHbi  HOHH3apHH. 
IIpoaHaaH3HpOBaHbi  ycaoBHa,  npH  xoTOpbix  cxopocra  pacnpocTpaHeHHa  BoaHbi  xhmhhccxoh 
peaxpHH  BbipaacaioTca  npocTbiMH  (J)opMyaaMH  [8-11],  ho  c  siJxJjexraBHbiMH 
X03(})C|)HAHeHTaMH  AH(])C|)y3HH  H  po>KAeHHa  HaCTHU;. 

BbIBOAbl. 

IIpeAaoaceHa  MaTeMaranecxaa  MOAeab  pacneTa  xapaxTepncrax  pacnpocTpaHeHHa 
(})poHTa  xHMHHecxoft  peaxijHH  b  MHoroxoMnoHeHraoH  cpeAe.  MoAeab  ocHOBaHa  Ha  CBeAeHHH 
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CHCTeMti  ypaBHeHHH  6ajiaHca  jpifl  pa3JiHHHbix  KOMnoHeHT  njia3Mbi  k  o^HOMy  ypaBHerono 
^H(J)(|)y3HH  c  HejiHHeHHbiM  hctohhhkom.  OcHOBaHHeM  jpra  no,no6Horo  ynpomeHHa  aBjiaeTca 
pa3JIHHHe  B  CKOpOCTaX  XHMHHeCKHX  peaKIJHH  p a3 JIHHHBIX  npOUeCCOB.  IIpeAJlOaceHHblH  MeTOA 
npoaeMOHCipHpOBaH  Ha  uacmbix  npHMepax  -  pacnpocTpaHeHHa  bojihbi  HOHH3au;HH  no  cpe^e 
c  npHjiHnaHHeM  h  bjthhhhh  B036yac,a:eHHbix  nacTHu  Ha  pacnpocTpaHeHHe  BOJiHbi  HOHH3au;HH. 
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VORTEX  STRUCTURES  IN  EXCITED  MOLECULAR  GAS-PLASMA 

MEDIA 

N.  E.  Molevich1’2, 1.P.  Zavershinsky2,  A.I.  Klimov3 
'Samara  Branch  P.  N.  Lebedev  Physics  Institute,  RAS,  443011  Samara,  Russia 
2Samara  State  Aerospace  University,  443086  Samara,  Russia 
3  Joint  Institute  of  High  Temperature  RAS,  Moscow,  Russia 
E-mail:  molevich^Jiamsjnr. ru 

The  study  of  the  influence  of  the  nonequilibrium  heat  release  on  the  structure  of  the 
strong  single  vortex  is  interesting  both  for  the  investigations  of  natural  systems  as  a  tornado 
and  for  the  numerous  technical  applications,  including  the  creation  of  aircraft  and  spaceships 
of  new  generation  with  plasma  control  of  the  flight  characteristics.  Using  the  Rankin  vortex 
model,  we  have  investigated  the  stability  of  the  twisted  columnar  flow  in  nonequilibrium  gas 
with  the  exothermic  heating.  In  spite  of  the  Rankin  vortex  stability  in  incompressible 
equilibrium  media  was  studied  in  details  in  numerous  papers,  the  influence  of  nonequilibrium 
heating  on  its  stability  was  not  investigated.  In  this  paper  the  stability  of  the  Rankin  vortex  is 
investigated  in  incompressible  gas  media  with  nonequilibrium  temperature-dependent  heating 
and  excited  vibrational  molecular  states. 

We  show  that  the  columnar  vortex  in  media  with  exothermic  processes  can  transform 
either  into  the  ‘rising’  radial  converging  twisted  flow  or  into  the  ‘descending’  radial  divergent 
twisted  flow  [1],  The  vorticity  increases  in  the  first  case  and  decreases  in  the  second  case.  It 
is  connected,  respectively,  with  the  positive  or  negative  feedback  between  pressure  and 
nonequilibrium  heating  perturbations. 
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The  obtained  results  can  be  applicable  to  the  problems  of  the  vortex  stability  both  in 
the  laboratory  exothermic  media  and  in  the  natural  media,  in  particular  in  the  presence  of  the 
nonequilibrium  condensation  processes  in  atmosphere.  Important  influence  of  the  latent  heat 
of  the  nonequilibrium  condensation  on  the  formation  of  tornados  is  discussed  in  [2,3],  The 
significant  transformation  of  the  core  of  the  twisted  flow  in  the  high-frequency  and  direct 
current  discharge  plasma  media  is  observed  in  [4,5],  These  questions  require  the  further 
investigations  including  the  possibility  of  the  vorticity  increase  discussed  above. 


airflow 


electrodes 


luminous  cone 

Figure  1 


Figure2 


airflow  electrodes 


Figure  3  Figure  4 

Another  problem  considered  in  the  present  paper  is  the  origin  of  luminous  cone 
observed  in  twisted  flow  with  transversal  DC  discharge  [4,5],  The  structure  of  the  subsonic 
twisted  flow  in  tube  depends  strongly  on  mass  rate  Q.  For  Q  >  Qc  the  recirculation  zone  is 
created.  Using  approximate  analytical  solution  [6],  we  find  the  critical  mass  rate  Qc.  By  the 
numerical  simulation,  we  obtain  the  luminous  cone  consisting  of  slow  relaxing  molecules 
excited  in  discharge  zone  and  moving  towards  incoming  flow  (fig.  1 ,  Q  >  Qc)  or  in  forward 
direction  together  with  flow  (fig.3)  as  it  is  observed  experimentally  (fig.  2  and  4,  respectively) 
[4,5]. 
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BHXPEBblE  CTPYKTYPbl  B  B03bY2K,ZJEHHbIX  MOJIEKYJIflPHblX 

rA30-njIA3MEHHbIX  CPE^AX 

H.  E.  Mojieeun1  ’2,  MM.  3aeepiuuHCKuu2 ,  AM.  Kmuiioe3 

'C0  0HAH,  CaMapa,  Poccuh,  2 CP 4  V,  CaMapa,  Poccrn, 3  OHBTAH,  Moated,  Poccun 

IlccjieAOBaHue  BjmaHHa  npoueccoB  HepaBHOBecHoro  TennoBti^ejieHHa  Ha  CTpyKTypy 
CHJibHoro  oflHHOHHoro  BHxpa  npeacTaBJiaeT  HHTepec,  xax  jpin  ecTecTBeHHBix  chctcm 
nOAOdHBTX  TOpHaAO,  TaK  H  RJIfl  MHOrOHUCJieHHblX  TeXHHHeCKHX  npHMeHeHHH,  BKJHOHaa 
co3flaHne  aBHa  h  kocmhucckoh  tcxhhkh  HOBoro  noxojieHua  c  njia3MeHHbiM  KOHTponeM 
noneTHbix  xapaKTepncTUK.  Hcnojn>3ya  Moment  Buxpa  PaHKHHa,  mbi  nccne^oBajiH 
CTa6HJibHOCTb  3aKpyueHHoro  KOJiOHHOo6pa3Horo  noToxa  b  HepaBHOBecHOM  ra3e  c 
3K30TepMHuecKHMH  peaximaMH.  HecMOTpa  Ha  npeflbiflymHe  MHorouucjieHHbie 
HccjieAOBaHHa  ycTounuBocTH  Buxpa  PaHXHHa,  BjiuaHue  HepaBHOBecHoro  HarpeBa  Ha  ero 
pa3BHTne  b  HeoKHMaeMOH  cpe^e  He  HceneflOBanocb.  B  HacToameii  pa6oTe  CTadmibHOCTb 
BHxpa  PaHKHHa  Hccne^oBaHa  b  HecacHMaeMbix  ra30Bbix  cpe^ax  c  3aBHcamHM  ot 
TeMnepaTypbi  TenjiOBbmejieHueM  h  KOJie6aTejibHO  B036y>K^eHHbiMH  MonexynaMH. 

Mbi  nOKa3ajIH,  HTO  X0JI0HH006pa3HbIH  BHXpb  B  cpe^ax  C  3X30TepMHHeCXHMH 
npou;eccaMH  mokct  ipaHCcftopMHpOBaTbca  jth6o  b  «bocxo,ihuhmh»  pa,zmajibHO-cxo,aamHMca 
3aKpyueHHbiH  noTOK,  jth6o  b  «HHcxoflaiu;HH»  paAuajibHo-pacxoAauiHHca  aaxpyueHHbiH  noTOK 
[1],  B  nepBOM  cjiyuae  3aBHxpeHHOCTb  noToxa  B03pacTaeT,  bo  btopom  -  yMeHbinaeTca.  3to 
CB33aHo  c  ycnoBHaMH  cymecTBOBaHHa  nonoacHTenbHOH  huh  OTpupaTejibHou  o6paTHoft  cbsbh 
Mea(^y  H3MeHeHHeM  .zjaBJieHHa  h  TenaoBbmeaeHHeM  b  cpe^e. 

nojiyueHHbie  pe3ynbTaTbi  npe^cTaBjiaioT  HHTepec  c  tohxh  3peHHa  ycTouuuBocTH 
BHxpa,  xax  b  jiadopaTOpHbix  TenaoBbmeaaiomHx  cpe^ax,  Tax  h  b  ecTecTBeHHbix  ycaoBHax, 
HanpHMep,  npu  Haanunu  npoueccoB  HepaBHOBecHou  xoH^eHcapHH  b  aTMoc(J)epe.  O  BaacHoft 
poaH  HepaBHOBecHoii  xoHBeHcauuH  b  npoueccax  o6pa30BaHHa  CMepna  paHee  coo6m,ajiocb  b 
[2,3].  3HauHTejibHaa  TpaHc^opMapna  a^pa  aaxpyueHHoro  noToxa  npu  BxjnoueHHH 
BbicoxouacTOTHoro  pa3pa^a  hjih  pa3pa^a  nocToaHHoro  Toxa  Ha6juo,aajiacb  b  [4,5],  3th 
npo6jieMbi  Tpe6yioT  ^ajibHeftmHx  Hccne^oBaHKH,  Bxxuouaa  yxa3aHHyio  Bbime  B03MoacHocTb 
yBCJlHUCHHa  3aBHXpeHHOCTH  nOTOXa. 

flpyraa  npodaeMa,  paccMOTpeHHaa  b  HacToameft  pa6oTe,  CBa3aHa  c  HccaeflOBaHHeM 
npOHexoaefleHHa  CBeTameroea  xoHyca,  Ha6juoBaeMoro  b  [4,5]  npn  nonepeuHOM  pa3pa^e  b 
3axpyueHHOM  noToxe.  CTpyxTypa  A03ByxoBoro  aaxpyueHHoro  noToxa  b  Tpy6xe  3aBHCHT 
chjibho  ot  BejiHHHHbi  MaccoBoro  pacxoaa  ra3a  Q.  npn  Q>  Qc  B03HHxaeT  30Ha  B03BpaTHoro 
TeueHHa.  Hcnojib3ya  npudjTHaceHHoe  aHajiuTnuecKoe  pemeHHe  [6],  mbi  HamjiH  xpHTHuecxoe 
3HaueHHe  BejiHHHHbi  pacxo^a  ra3a  Qc.  3aTeM,  c  noMombio  HHCJieHHoro  MO^ejinpOBaHHa 
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nonyHHJiH  KOHHHecKyio  CBeTamyioca  oSnacTb,  cocToamyio  H3  B036yacaeHHbix  b  pa3paAHon 
30He  MOjreKyjT  h  pacTymyio  jih6o  HaBCTpeny  noTOKy  (fig.l,  Q  >  Qc )  jih6o  no  noTOKy  (fig.3) 
noAoSHo  3KcnepnMeHTajibHbiM  KapraHaM  (fig.  2  and  4,  cooTBeTCTBeHHo)  [4,5]. 
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AUTOWAVE  SOLUTIONS  OF  THE  ID  AND  2D  SYSTEMS  OF 
RELAXATION  GAS  DYNAMIC  EQUATIONS  WITH  THE  ENERGY 
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During  previous  years,  a  large  number  of  experiments  have  demonstrated  the  unusual 
shock  wave  modification  in  media  with  sustained  steady-state  nonequilibrium.  In  particular, 
shock  damping  or  amplification,  broadening,  splitting  and  the  pulse  precursor  generation  were 
observed  in  weakly  ionized  gaseous  media  and  chemically  active  mixtures.  One  of  the  reasons 
for  these  structure  changes  can  be  connected  with  the  acoustical  properties  of  nonequilibrium 
media.  In  review  paper[l],  these  properties  are  discussed  in  detail.  In  [2,3],  we  showed  that 
new  acoustical  properties  change  dramatically  the  shock  wave  structure. 

In  the  present  paper,  we  discuss  the  shock  wave  structure  for  ID  (fig.2)  and  2D  (flat 
(fig.  3,4)  and  cylindrical  (fig.  5))  geometry  in  stationary  vibrationally  nonequilibrium  media 
with  the  exponential  relaxation  law 


Here,  Ev  is  the  energy  of  the  vibrational  degrees  of  freedom  of  the  molecules,  Ee  is  its 
equilibrium  value,  zv  is  the  vibrational  relaxation  time,  and  Q  is  the  power  of  an  external 
heat  source,  that  sustaining  Ev  >  Ee  (in  particular,  electric  pumping  in  the  discharge,  chemical 
or  optical  pumping). 


D 


LA 


Figure  1 


Figure  2 


The  main  results  can  be  described  as  follows. 
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1.  For  S  >0,  where  S  =  Qtv/T0  is  the  nonequilibrium  degree,  the  equilibrium  adiabat  has 
two  branches  with  two  asymptotes  P-> oo.  There  is  the  point  (Pcr2,VCr2)  where  the  frozen  and 
equilibrium  adiabats  meet.  With  increase  in  the  nonequilibrium  degree  S ,  the  initial  point 
( P0 ,  V0  )  on  the  equilibrium  adiabat  moves  from  the  upper  branch  to  the  lower  branch  . 


2.  The  equation  describing  stationary  density  profiles  behind  the  sharp  shock  wave  front  is 
obtained  and  solved.  We  have  shown  the  existence  of  3  regions  with  qualitatively  different 
shock  wave  structures  in  S  -D  bifurcation  diagram  (fig.  1),  where  D  is  the  stationary  wave 

speed.  The  boundaries  of  these  regions 


Dcrl(S),Dcr2(S)  are  obtained  in  analytical  forms. 

3.  For  weak  nonequilibrium  S<Sthr,  the 
shock  wave  structure  is  similar  to  this  structure 
in  equilibrium  media  with  S=0.  In  fields  of 
nonequilibrium  S  >  Sthr ,  where  the  medium  is 


Figure  3 


acoustical  active,  for  the  shock  wave  speed 
D  >  Dcrl ,  the  fast  compression  is  followed  by  the 
gradual  compression  to  the  final  state.  For 
Dcr]  <D< Dcr2  ,  the  fast  compression  is  followed 
by  the  gradual  expansion  to  the  final  state.  For 
the  boundary  D  =  Dcr2  (S),  the  shock  wave  is 
step-wise. 

4.  For  D<Dcrl,  the  shock  wave  is  unstable. 
Unstable  shock  waves  disintegrate  into  the 


sequence  of  solitary  pulses  (in  field  of  nonequilibrium  Sthr  <S <Sn,  where  acoustical 


dispersion  is  negative,  nonlinearity  coefficient  is  positive)  or  autowaves  with  non-zero 

asymptote  ( S  >  Sn  ,  where  the  nonlinearity 


Figure  4 


coefficient  can  be  negative)  (fig.2-5).  Their 
amplitude,  form  and  speed  are  rigidly  defined 
by  nonequilibrium  degree  and  do  not  depend 


Figure  5 


on  the  initial  weak  perturbation  amplitude 

and  velocity.  The  ID  solitary  pulse  is  described  in  analytical  form. 

5.  The  stability  of  the  autowave  structures  to  the  transverse  disturbances  are  shown  (fig.4). 
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ABTOBOJIHOBME  PEIIIEHHfl  ID  H  2D  CHCTEM 
PEJIAKCAU,HOHHOH  rA30£HHAMHKH  C  HCTOHHHKOM 

3HEPrHH 

P.  H.  ranuMoe1’2,  BS.  MaKapnu2,  H.  E.  Mojieeun1’2 
’CO  OI 1AI I.  CaMapa,  Pocciim.  2CrAY,  CaMapa,  Pocchh 

Bojibmoe  hhcjto  aiccnepHMeHTajiBHBix  uccjieAOBaHuu,  BBinojiHeHHBie  b  npeflBmymne 
roflbi,  nponcMOHCTpupoBajiu  Heo6tmHyio  MOflHcftHKanHio  CTpyKTypbi  y^apHOH  bojihbi  b 
cpe^ax  c  noAAep>KUBaeMou  H3BHe  CTaunoHapHofi  HepaBHOBecHocTbio.  B  uacTHoc™, 
ocjiaOjieHne  hjih  ycuueHue  ynapHoii  bojihbi,  ymupeHiie  h  pacmenjieHue  cjjpoHTa, 
o6pa30BaHHe  npe^BecTHHKOB  HadjuoAajrocB  b  cjia6oHOHH30BaHHBix  cpe^ax  h  xuMuuecKu 
aKTHBHBIX  CMeCflX.  OflHHMH  H3  npHHHH  3THX  CTpyKTypHBIX  H3MCHeHHH  MOryT  6bITB  HOBbie 
aKycTHuecioie  cBoftcTBa  HepaBHOBecHbix  cpe^.  B  od3opHoft  cTaTbe  [1],  3th  HOBbie  cBoiicTBa 
aHajiH3HpOBajiHCb  no,zjpodHO.  B  [2,3],  mbi  noica3ajiH  Kai<  cymecTBeHHO  3th  HOBbie 
aKycTHuecKHe  CBoftcTBa  mchuiot  cTpyKTypy  y^apHoii  bojihbi. 

B  HacToameii  pa6oTe,  mbi  HCCJieayeM  CTpyKTypy  y^apHOH  bojihbi  b  o^HOMepHOH  ID 
(fig.2)  h  AByMepHoii  2D  (njiocicoH  (fig.  3,4)  h  qHjiHH^pHuecKOH  (fig.  5))  reoMeTpnax  b 
CTaqHOHapHO  KOJiedaTejiBHO-HepaBHOBecHOM  ra3e  c  3KcnoHeHuuajiBHOH  Mo^ejibio 
pejiaKcaqHH 

d_K  _  Ee-Ev  | 
dt  rv(T,p) 

3accb,  Ey  -  SHeprna  KOJiedaTejibHBix  CTeneHeii  cbo6oabi  MOJieKyji,  Ee  -  ee  paBHOBecHoe 
3HaueHue  rv  -  BpeMa  KOJiedaTejiBHOH  pejiaiccaqHH,  Q  -  moih;hoctb  BHemHero  ucTouHHKa 
3HeprHH,  no,zwepacHBaioiu;ero  Ev  >  Ee  (H.n.,  Heynpyrae  3JieKTpoH-MOJieicyjiapHBie 
coy^apeHMa  b  paapa^e  ,  xHMuuecKaa  hjih  onTHuecicaa  HaKauKu). 

riojiyHeHbi  cjienyioiHHe  ochobhbic  pe3yjiBTaTbi. 

1.  npH  S  >  0 ,  r^e  S  =  Qtv/T0  -  CTeneHB  HepaBHOBecHOCTH  ra3a,  paBHOBecuaa  a^nadaTa 
HMeeT  ^Be  bctbh  c  acHMnTOTaMH  P— > go.  flMeeixa  TouKa  (Pcr 2,Vcr2),  r^e  3aMopoaceHHaa  h 
paBHOBecHaa  a^nadaTbi  nepeceicaiOTca.  C  poctom  CTeneHH  HepaBHOBecHOCTH  S ,  HauajibHaa 
TOHKa  (P0,V0)  Ha  paBHOBecHoii  a^nadaTe  CMemaeTca  c  BepxHeii  bctbh  Ha  hh>khiok)  bctbb. 

2.  nojiyueHO  h  pemeHO  ypaBHCHue,  onncbiBaiomee  H3MeHeHHe  npocJjujia  hjiothocth  3a 
pe3KHM  (JjpoHTOM.  IIoKa3aHo  cymecTBOBamie  Tpex  odaacTeft  Ha  S  -D  dniJjypKaqHOHHOH 
HuarpaMMe  (fig.  1)  c  KauecTBeHHO  pa3HBiMH  CTpyKTypaMH  CTanHOHapHbix  y^apHbix  bojih,  rae 
D  CKOpocTB  CTauHOHapHoii  bojihbi.  Y paHHHbi  3thx  odjiacTeii  Dcrl (S),Dcr2(S) nojiyyeHBi 
aHajiHTHuecKH. 

3.  B  odjiacra  cjiadoii  HepaBHOBecHOCTH  S<Sthr,  CTpyKTypa  ynapHoii  bojihbi  no^odHa 
CTpyKType  bojihbi  b  paBHOBecHoii  cpe^e  npn  S=0.  B  odjiacTax  HepaBHOBecHOCTH  S  >  Sthr , 
ryje  cpe^a  aKycTuuecKH  aKTHBHa,  npn  cxopocTax  D  >  Dcrl ,  3a  dbiCTpbiM  cacaTHeM  nponcxonuT 
njiaBHoe  cacarae  no  KOHCHHoro  cocToaHHa.  IIpH  MCHbrnux  cxopocTax  DcrX  <D< Dcr2  ,  3a 
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6tiCTpi>iM  cacaraeM  nponcxoAHT  njiaBHoe  pacniHpeHHe  ao  KOHeuHoro  cocToaHHa.  Ilpn 
rpaHHHHOH  CKOpocTH D  =  Dcr2(S) ,  y^apHaa  BOjnia  HMeeT  cjiopMy  CTyneHbKM. 

4.  Ilpn  Maatix  cKopocTax  D  <  Dcrl ,  y^apHaa  BOJiHa  HecTadwibHa.  HecTa6HjibHbie  yAapHbie 
bobhbi  pacna^aioTca  c  o6pa30BaHHeM  nocjreAOBaTejibHocTH  aBTOBOJiHOBbix  yeAHHeHHbix 
HMnyjitcoB  (b  o6aacTH  HepaBHOBecHocTH  Sthr  <S  <Sn,  r^e  axycTHHecicaa  Ancnepcna 
OTpmjaTejiBHa,  HenHHeHHocTH  KosiJxjiHiiHeHT  nonoacHTeneH)  hjth  nocjieAOBaTejibHocTH 
aBTOBOBH  C  HeHyjieBOH  aCHMIITOTOH  (npH  S>  Sn,  KOr^a  K03(J)cl)HpneHT  HejIHHeHHOCTH  MOaceT 
6bitb  OTpHqaTejibHbTM)  (fig.2-5).  AMnaHTy^a,  (J)opMa  h  cxopocTt  3thx  bojth  He  3aBHcaT  ot 
napaMeTpOB  HaaaatHoro  caa6oro  B03MymeHna.  Oopxia  coaHTOHa  onncaHa  aHaaHTnaecKH. 

5.  IIoKa3aHa  Taxace  ycTOHHHBOCTb  aBTOBoaHOBbix  cipyKTyp  no  othohichhio  k 
nonepenHbiM  B03MymeHHaM  (fig.4). 

3Ta  pa6oTa  nacraHHO  noaaepacaHa  HHP  TP  01200805605 

COMPUTER  SIMULATION  OF  HYPERSONIC  MHD  FLOW  OVER 
BODY  AT  FINITE  MAGNETIC  REYNOLDS  NUMBERS 

E.  V.  Gubanov,  A.P.  Likhachev,  S.A.  Media 
Joint  Institute  for  High  Temperatures,  Russian  Academy  of  Sciences 

Numerical  study  of  hypersonic  MHD  flow  over  cylindrical  body  moving  in  upper 
atmospheric  layers  is  presented.  The  flight  altitude  and  velocity  are  selected  in  the  reentry 
parameters  interval  where  the  magnetic  Reynolds  number  computed  for  the  parameters  of  the 
shock  layer  in  front  of  the  body  is  of  the  order  of  unity.  The  magnetic  field  is  generated  by 
currents  flowing  in  a  system  of  circular  coils  mounted  inside  the  body.  The  disposition  of 
coils  and  current  values  are  varied  with  the  purpose  to  obtain  the  favorable  structure  of  the 
flow  over  the  body  and  to  increase  the  integral  drag  force.  The  simulation  is  based  on  the 
solution  of  the  Euler  equations  and  the  magnetic  induction  equation  in  axially  symmetric  2.5D 
formulation  taking  into  account  the  Hall  effect.  The  calculations  were  carried  out  in  the 
following  range  of  the  characteristic  dimensionless  parameters:  Mach  number  M  =  25-40, 
magnetic  pressure  parameter  Rh  =  B2//ipxiix2  =  1-10,  magnetic  Reynolds  number  Rem  =  jucsushs 
=  0.1-5,  Hall  parameter  cox  =  1-10. 

The  spatial  distributions  of  MHD  flow  parameters  are  presented  and  analyzed.  The 
influence  of  magnetic  field  configuration  on  the  key  flow  features,  such  as  the  bow 
shock  stand-off,  the  head  and  bottom  vortexes,  the  flow  separation  zones  etc.,  is 
considered.  The  electrodynamic  effects,  i.e.  the  magnetic  field  convection,  the  formation  of 
current  loops  around  the  body,  the  manifestation  of  the  Hall  effect  and  the  MHD  force  and 
energy  sources  generation,  are  discussed.  The  integral  drag  force  and  its  aerodynamic  and 
electrodynamic  components  are  computed. 

HHCJIEHHOE  MO^EJIHPOBAHHE  rHIIEP3By KOBOr O  \U  J{  OETEKAHHR 
TEJIA  nPH  KOHEHHBIX  MATHHTHblX  HHCJIAX  PEHHOJIb^CA 

E.B.  lyoanoa,  A.II.  Jluxanee,  C.A.  Medun 

OohetkiHeHHhiu  uHcmumym  eucoKux  meMtiepamyp,  PoccuucKan  UKadeMUH  nayK 

MT,H  o6TeicaHHe  qHJiHHApHuecKoro  Tena,  ABHacymeroca  c  rHnep3ByKOBOH  cxopocTbio  b 
BepxHHx  cjioax  aTMoajiepbi,  uccneAyeTca  hhcjichho.  3aAaBaeMbie  b  pacueTax  BbicoTa  h 
CKOpocTb  noaeTa  OTBeuaiOT  ycaoBHaM  bxoab  b  aTMOceftepy  B03Bpam,aeMbix  kocmhucckiix 
odbeKTOB,  Ana  xoTopbix  MarHHTHoe  hhcjio  PeiiHOJTbAca,  onpeAenaeMoe  no  napaMeTpaM 
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y^apHoro  cnoa  nepe^  tcjiom,  HMeeT  BenHHHHy  nopa^Ka  e^HHHpbi.  BHyipn  Teaa 
pacnojioaceHti  xpyroBbie  bhtkh  c  tokom,  reHepnpyiomHM  MarHHTHoe  none.  IIojioaceHHe 
bhtkob  h  BejiHHHHa  npoTeKaiomero  b  hhx  Toica  BapbnpyioTca  c  qejibio  nojiyneHna 
onTHMajibHOH  CTpyKTypbi  o6Tei<aHHa  h  yBejiHueHHfl  HHTerpajibHOH  chjibi  conpOTHBJieHHa. 
HncjieHHaa  Modern.  paccMaTpHBaeMoro  Mr/],  npopecca  6a3HpyeTca  Ha  pemeHHH  ypaBHeHHH 
3Mjiepa  h  ypaBHeHHa  MarHHTHOH  MHjiyKUHH  b  ocecHMMeTpHHHOH  2.5D  nocTaHOBKe  c  yueTOM 
3(J)(})eKTa  XojuTa.  PacueTbi  npoBo^aTca  b  cneAyiomeM  ^Hana30He  xapaKTepHbix 
6e3pa3MepHbix  napaMeTpOB:  hhcjio  Maxa  M  =  25-40,  hhcjio  MarHHTHoro  .zjaBJieHHa  Rh  = 
B  /jupsus  =  1-10,  MarHHTHoe  hhcjio  PeimojibAca  Rem  =  ju,Gsushs  =  0.1-5,  napaMeTp  Xoaaa  on  = 
1-10. 

B  pa6oTe  npeACTaBjieHbi  h  aHajiH3HpyioTca  npocTpaHCTBeHHbie  pacnpe^eaeHHa 
napaMeipoB  MI7J  TeneHMa.  PaccMaTpHBaeTca  BJinaHHe  KOHcfiHrypapHH  MarHHTHoro  noaa  Ha 
xapaKTepHbie  oco6chhocth  Tenemia,  BKjuoHaa  otxoa  tohobhoh  y^apHoft  bojihbi  ot  Teaa, 
BHxpH  b  nepejmeil  h  jiohhoh  oOaacTax  o6TeKaHHa,  30hbi  oipbrna  noTOKa  h  t.h.  06cy>KaaiOTca 
HaOaioaaeMBTe  3aeKTpo^HHaMHHecKHe  3(J)(J)eKTbi,  b  hbcthocth,  KOHBeKHna  MarHHTHoro  noaa, 
npoTCKaHHe  KOJibueBbix  tokob  b  naa3Me  BOKpyr  Teaa,  npoaBaeHHa  3<JxJ)eKTa  Xoaaa  h 
reHepaiina  MT/]  hctohhhkob  HMnyabca  h  sHeprmi.  PaccHHTaHbi  BeaHHHHbi  HHTerpaabHoft 
cnabi  conpOTHBaeHHa  h  ee  aspo^HHaMHaecKOH  h  saeRTpoaHHaMHaecKoil  cocTaBaaiOH],Hx. 

ON  A  NEW  PARAMETER  GOVERNING  ELECTROMAGNETIC 
INTERACTION  OF  THE  MAGNETIZED  BODY  WITH  INCOMING 
HYPERSONIC  PLASMA  FLOW.  NON  MHD  APPROACH 

V.M.  Gubchenko 

Institute  of  Applied  Physics,  Russian  Academy  of  Science,  Nizhny  Novgorod,  Russia 

(ua3thw@appl.sci-nnov.ru) 

A.  V.  Smirnov 

Nizhny  Novgorod  University,  Nizhny  Novgorod,  Russia 

Addition  of  the  toroidal  and  magnetic  dipole  magnetizations  //(a)  in  the  body,  which 
is  at  the  hypersonic  regime  of  motion  through  the  near  generated  or  natural  aerospace  plasma 
with  velocity  v'  and  with  a  Mach  number  M  =  v'  /  cs  «  5  -  8 ,  remains  the  perspective  idea  for 
the  flight  control.  Control  is  possible  by  electromagnetic  action  on  the  Mach  number 
M  =  v'/cs  via  change  of  sonic  velocity  cs  and  forming  locally  the  subsonic  D’Alambere 

regime  M  «  1  or  the  hypersonic  D’Alambere  (“acoustic  cloaking”)  regime  M  »  1.  Both 
regimes  are  without  drag  force. 

The  non  e.m.  part  of  interaction  of  the  body  with  plasma  provides  generation  of  the 
acoustic  Mach  cone  which  is  controlled  by  a  number  M .  We  study  here  the  e.m.  part  of 
interaction  of  a  body  with  plasma  and  introduce  a  governing  parameter  Gv  for  e.m.  field 
structure  determination. 

Plasma  has  wide  range  of  parameters  depending  on  a  flight  height  of  the  body  and 
ionization  factor.  Plasma  can  be  considered  collisional  as  a  fluid  in  the  nonideal  MHD 
approach,  characterized  by  collision  frequency  vcoll ,  which  normally  is  a  prescribed 

phenomenological  parameter.  Collisions  provide  dissipation  characteristics  and  conductivity 
of  the  flow.  We  consider  less  studied  a  hypersonic  regime  when  plasma  is  a  flow  of  charged 
particles  without  collisions.  That  happens  due  to  high  ionization  or  high  rarefaction  of  plasma 
at  upper  atmosphere  layers.  Collision  less  hot  plasma  is  characterized  by  a  velocity 
distribution  function  fa  (v)  (VDF),  treated  in  terms  of  the  Vlasov/Maxwell  equations  (non 
MHD  approach).  Dissipation  and  conductivity  in  such  plasma  is  connected  with  a  fine  kinetic 
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effect  which  is  related  with  particle  inertia  and  acceleration  by  e.m.  field  of  the  certain  group 
of  resonance  particles  of  the  flow  what  is  defined  by  value  of  the  fa(y').  Diamagnetic 
properties  of  such  plasma  are  defined  by  nonresonant  particles  via  specific  integral  over  the 
VDF  fa  (v) .  Resistive  and  diamagnetic  properties  are  selfconsistent  with  shape  of  the 

VDF  fa  (v)  which  is  prescribed  as  isotropic  on  infinity. 

The  electromagnetic  part  in  interaction  of  a  body  with  plasma  is  independent  in  linear 
approach  from  the  acoustic  part.  The  e.m.  part  is  defined  by  the  dimensionless  “quality” 
parameter  Gv  which  is  calculated  via  electromagnetic  properties  of  the  flow  near  a 
magnetized  body.  Magnetic  field  is  originated  by  magnetization  Ji  and  the  field  is  screened 
by  eddy  plasma  currents:  resistive  and  diamagnetic.  Spatial  distribution  of  these  currents  is 
defined  by  a  resistive  skin  scale  rs  and  by  a  diamagnetic  scale  rD.  We  get  expression 

Gy  =  r2  /  rl .  The  parameter  Gv  is  not  dependent  from  form  factor  of  the  body  similar  to  M 
and  can  be  governed  in  a  wide  range  of  values  by  shape  of  the  incoming  VDF  fa  (v) .  The 
case  Gv  « 1  characterizes  flowing  plasma  as  conductor  and  as  a  result  we  get  a  3d  wake 

type  magneto  tail  with  fine  structure  elements  made  from  flux  ropes  and  current  sheets/  The 
elements  are  formed  by  eddy  inductive  resistive  currents,  here  spatial  scale  of  structures  L 
expressed  via  rs .  The  case  Gv  » 1  is  diamagnetic  and  there  are  no  friction  force  and  in  this 
case  we  get  diamagnetic  screen  keeping  original  spatial  configuration  of  the  magnetization 
//(x),  here  scale  L  of  structures  is  expressed  via  the  scale  rD.  Topological  reconfiguration  of 
the  current  system  from  the  state  with  magneto  tail  to  the  state  without  magneto  tail  we  call 
“dipolization”  what  happens  in  magnetosphere  physics. 

The  value  r~2M  ~(co2l c2)kd  is  expressed  via  a  parameter  “energy  anisotropy” 

kd  «  -2v'2  J  du(df  /  du2)  -  defined  by  nonresonant  particles  of  the  flow.  A  parameter  is  related 
with  r.a.m.  pressure.  The  value  r~2  =  rG2  » (a>2 1  c2)kg  is  expressed  via  a  parameter 
“momentum  anisotropy”  kg  «  v'Tif'(v') .  -  defined  by  resonant  particles  of  the  flow/  The 
parameter  is  related  with  dissipation.  Here  dm  is  a  e.m.  skin  depth  expressed  via  plasma 
frequency  cop  and  velocity  of  light  c ,  and  we  get  kd,kg  « 1 . 

We  introduced  calculations  of  the  parameter  Gv  for  maxwellian  ( Gv  =  GVM )  and  for 

the  unified  “kappa”  VDF  of  the  flow.  There  are  different  analytical  expressions  of  the 
isotropic  VDF  shapes  which  models  plasma  media  in  the  stationary  equilibrium  state.  The 
maxwellian  VDF  fMa  is  a  particular  case  of  the  kappa  VDF  power  law  distributions.  The 

kappa  VDF  fa(v)  describes  separately  “core”  and  “halo”  VDFs  and  the  unified  state  of 
“core”  mixed  with  “halo”  what  is  observed  in  the  nature.  For  the  “halo”  VDF  we  get 
Gv  <  Gvm  and  for  the  “core”  VDF  we  get  Gv  >  GVM .  For  the  maxwellian  plasma  we  get 

Gvm  =  v'/ve. 
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O  HOBOM IIAPAMETPE  YFIPABJlfl  FOLIUM 
3JIEKTPOMArHHTHLIM  B3AHMO^J,EHCTBHEM 
3AMArHHHEHHOrO  TEJIA  C  HABETAFOIHFIM 
rfflIEP3BYKOBbIM  nOTOKOM.  HE  MTR  AHAJIH3 

B.M.  I  xo'ichko 

Hhcthtyt  npHKna/iHOH  (]jh-3hkh  ,  PoccHHCKaa  aica/ieMMA  HayK,  Hjbkhhh  Hcmropon,  Poccua 

A.B.  CMupnoe 

HnjKeropoflCKHH  yHHBepcHTeT,  Hh>khhh  HoBi  opo^,  Poccua 

BBe^eHne  Topon^ajibHoh  h  MaraHTo^nnontHOH  3aMarHnneHHocTeh  p  b  cocTaB  Tena, 
KOTOpoe  HaxoAaTca  b  pencHMe  rnnep3ByKOBoro  ABHncemia  co  CKOpocTbio  v'  nepes 
ncKy ccTBeHHo  co3AaHHyio  huh  ecTecTBeHHoro  npoHcxoac^eHHa  njia3My  h  r^e  ^BHaceHHe 
xapaKTepH3yeTca  hhcjiom  Maxa  M  =  v'  /  cs  «  5  -  8 ,  ocTaeTca  nepcneKTHBHOH  Kneed 
KOHipona  noneTa.  Kohtpojib  bosmokch  nyTeM  aneKTpOMarHHTHoro  B03neHCTBna  Ha  hhcjio 
Maxa  M  3a  cneT  H3MeHeHHa  ckopocth  3Byxa  cs  b  oRpyacaiomeft  cpene.  B  pe3yjibTaTe  ecTb 

B03MoacHocTb  c(})opMHpoBaTb  noKajibHo  ^03ByK0B0H  pencHM  ,H,enaM6epa  M « 1 ,  jth6o 
rHnep3ByKOBoii  pea(HM  ,HenaM6epa  (aicycTHHecKHH  nnam)  M  » 1 .  B  o6ohx  peacHMax  cnna 
TopMoaceHHa  oTcyTCTByeT. 

HeaneKTpOMarHHTHaa  nacTb  bo  B3aHMoneiicTBHH  Tena  c  nOTOKOM  npoaBnaeT  ce6a  b 
(J)opMHpoBaHHH  KOHyca  Maxa,  (J)opMa  KOToporo  ynpaBnaeTca  hhcjiom  Maxa  M .  B  Hamen 
pa6oTe  Mbi  nsynacM  aneKTpOMarHHTHyio  nacTb  BsaMMoneMCTBHa  Tena  c  nna3Moii,  KOTOpoe 
xapaKTepH3yeTca  hobbim  6e3pa3MepHbiM  napaMeTpoM  Gv ,  onpenenaiomHM  (J)opMHpoBaHHe 
CTpyKTyp  3neKTpoMarHHTHoro  nona. 

IIna3Ma  MoaceT  o6nanaTb  mnpoKHM  nnana30H0M  napaMeTpOB,  3aBHcam,Hx  ot  BbicoTbi 
noneTa  Tena  h  xapaKTepa  HOHH3apHH  B03nyxa.  IIna3Ma  MoaceT  paccMaTpHBaTbca  icaic  cpena 
co  CTonKHOBeHnaMH  h  onncbiBaTbca  npH  stom  Kax  acH^KOCTb  b  paMKax  HenneanbHon  MI7J. 
MacTOTa  cTonKHOBeHHH  vcoll,  BBOAHMaa  Kax  (J)eHOMeHonorHHecKHH  napaMeTp,  onpenenaeT 

npn  3tom  AHCCHnaTHBHbie  xapaKTepncTHKH  nna3Mbi  h,  b  nacTHocTH,  ee  npoBonHMocTb.  B 
pa6oTe  mbi  H3ynaeM  MeHee  H3yneHHbin  npenen,  paccMaTpHBeM  nna3My  icaic 
6eccTonKHOBHTenbHyio  cpeny,  xorna  nna3Ma  onncbiBaeTca  KaK  coBoicynHocTb  nacTnp  h 
xapaKTepH3yeTca  cftymcinieH  pacnpeneneHna  nacTHH  no  cxopocTaM  OPH  fa  (v) .  ,Hna 

onncaHHa  Taxon  nna3Mbi  npHMeHaiOTca  ypaBHeHHa  BnaeoBa-MaKCBenna  (He  MITJ 
onncaHHe). 

^HCCHnau;Ha  h  npoBonniviocTb  b  Taxon  nna3Me  o6ycnoBneHbi  acjnJteKTaMH  ycKOpeHHa 
onpeAeneHHOH  rpynnbi  pe30HaHCHbix  nacTnu  anexTpoMarHHTHbiMH  nonaMH.  3(J)c^eKT 
onpenenaeTca  3HaneHHeM  OPH  fa  (v1)  b  Tonxe  v'.  ^naMarHHTHbie  CBOHCTBa 
SeccTonKHOBHTenbHOH  nna3Mbi  onpenenaiOTca  rpynnoH  Hepe30HaHCHbix  nacTHu;. 
^naMarHHTHbiH  3(})(})eKT  onpenenaeTca  cneqnanbHbiM  HHTerpanoM  ot  fa  (v) .  Pe3HCTHBHbie  h 

AnaMarHHTHbie  CBOHCTBa  nna3Mbi  caMocornacoBaHHbi  c  (})opMOH  <J>PM  fa  (v) .  cDPH  3anaeTca 
H30Tp0nH0H  fj\  V  |)  Ha  SeCKOHeHHOCTH. 

3neKTpoMarHHTHaa  nacTb  bo  B3aHMoneHCTBHH  Tena  c  nna3MOH  b  nHHeHHOM 
npHSnHaceHHH  He3aBHCHMa  ot  axycTHHecxoii  nacTH.  3neKTpoMarHHTHaa  nacTb  nona 
onpenenaeTca  6e3pa3MepHbiM  napaMeTpoM  Gv ,  KOTopbin  BbinncnaeTca  nepe3 
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ajieKTpoMarHHTHbie  CBoMcTBa  noTOKa  b  OKpecTHOCTH  3aMarHH46HHoro  Tejia.  CymecTBOBaHHe 
MarHHTHoro  nojia  oSycjiOBJieHO  MarHHTH3auHeM  // ,  3to  none  3acKHHHpoBaHO  BHxpeBbiMH 
TOKaMH  pe3HCTHBHOH  h  ^HaMarHHTHOH  npHpoabi  IIpocTpaHCTBeHHoe  pacnpepejieHHe  sthx 
tokob  pa3JiHHHO  h  onpepenaeTca  pa3JiimneM  b  Bemmime  MacniTaSoB  pe3HCTHBHoro  ckhh 
cjioa  rs  h  ^HaMarHHTHoro  ckhh  caoa  rD .  Mbi  nojiynHjiH,  hto  poSpoTHOCTb  onpepejiaeTca 

caepyiomeH  tftopMyjiOH:  Gv  =  r2  /  /y2 .  IlapaMeTp  Gv  Taicace  kbk  h  hhcjto  Maxa  M  He 

3aBHCHT  ot  (})opM  (J)aKTopa  pBHacyiperoca  Teaa  h  MoaceT  ynpaBjiaTbca  b  cBoen  BeaHHHHe 
nocpe^CTBOM  H3MeHeHHa  cjiopMbi  OPH  BHeniHero  noTOKa  njia3Mbi. 

npepea  Gv  « 1  xapaKTepH3yeT  naa3My  KaK  npoBopaiuyio  cpepy.  B  pe3yjibTaTe 

pemeHHa  3a^aHH  mbi  nouynaeM  TpexMepHyio  CTpyKTypy  c  MarHHTHbiM  xboctom, 
BKJHOHaiOmHM  TOHKOCTpyKTypHbie  3JieMeHTbI,  06pa30BaHHbie  MarHHTHbIMH  TpySKaMH  H 
TOKOBbiMH  caoaMH  B  ocHOBe  (J)opMHpoBaHHa  cTpyKTyp  jieacaT  BHxpeBbie  mmyKpHOHHbie 
pe3HCTHBHbie  tokh.  XapaKTepHbiH  MacniTaS  pe3HCTHBHbix  CTpyKTyp  L  BbipaacaeTca  nepe3 
MacniTa6  rs .  npepea  Gv  » 1  mbi  Ha3biBaeM  pHaMarHHTHbiM,  b  stom  npepeae  oTcyTCTByeT 

CHjia  TopMoaceHHa.  B  stom  cjiynae  cKHHHpoBaHHe  nponcxopHT  pHaMarHHTHbiMH  tokbmh, 
coxpaHamHM  HCxo^Hyio  c[jopMy  npocTpaHCTBeHHoro  pacnpeaejieHMa  HaMarHHneHHOCTH. 
Pa3Mepbi  AnaMarHHTHbix  CTpyKTyp  L  BbipaacaK)Tca  npe3  MacniTa6  rD .  TonojiorHHecKyio 
nepecTpoHKy  H3  cocToaHHa  c  MarHHTHbiM  xboctom  b  cocToaHHe  6e3  xBocTa  mbi  Ha3biBaeM 
AHnojiH3au;HeH. 

^HaMarHHTHBiii  MacniTa6  r~2  =r~2u  »  (co2  / c2)kd  BbipaacaeTca  nepe3  6e3pa3MepHbift 

napaMeTp  kd  «  -2v'2 J du(df  /  du2 )  -  «aHH30Tponna  no  3HeprHH»,  KOTOpbiH  onpepejiaeTca 

Hepe30HaHCHBiMH  nacTHiiaMH  h  xapaKTepH3yeT  pHHaMHnecKoe  paBjieHHe  noTOKa. 
Pe3HCTHBHbra  MaciHTa6  r”2  =  rG 2  « (co2  /  c2)kg  BbipaacaeTca  nepe3  6e3pa3MepHbra  napaMeTp 

kg  -  «aHH30Tpomia  no  HMnyjibcy»,  onpepejiaeMbift  pe30HaHCHbiMH  nacTHpaMH. 

3pecb  c  /  cop  3JieKTpoMarHHTHBiH  ckhhobbih  MacniTaS,  BbipaaceHHbiH  nepe3  mia3MeHHyio 
nacTOTy  cop  h  cKopocTb  cBeTa  c . 

nojiyneHbi  BbipaaceHHa  Gv  paa  MaKCBejuiOBCKoii  OPH,  rpe  Gv  =  GVM  =v'/ve,  h  paa 
yHHcjiHpHpOBaHHoro  «Kanna  pacnpepejieHHa».  H3BecTHbi  pa3JiHHHbie  aHaanTHHecKne 
BbipaaceHHa  paa  OPM  fa  (v) ,  KOTopbie  MopeanpyioT  cpepy  b  CTapnoHapHOM  paBHOBecHOM 

cocToaHHH.  MaKCBejuioBCKoe  pacnpepeaeHne  fMa  aBjiaeTca  nacrabiM  caynaeM  Kanna 
pacnpepeaeHHa.  Kanna  pacnpepeaeHHe  onncbreaeT  OPH  c  «appoM»  h  «raao»,  a  Taicace 
CMemaHHbie  cocToaHHa,  peaabHO  HaSaiopaeMbie  b  npHpope.  OPH  «rajio»  Gv  <  GVM , 

pjia  OPH  «appo»  Gv  >  GVM  . 

BjiaroaapHOCTii. 

Pa6oTa  noppepacaHa  rpanraMH  POOH  N°  08-02-00119,  N°  09-02-01330,  rpaHTOM  BHHI 
HLQ-4485.2008.2  h  nporpaMMaMH  npe3HpnyMa  PAH  h  OTpeaeHHa  (J)H3HHecKnx  HayK  PAH. 
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SUPERSONIC  BODY  STREAMLINE  AT  NEAR-SURFACE  GAS 

DISCHARGE 

A.  V.Erofeev,  T.A.Lapushkina,  S.A.Poniaev,  C.  V.Bobashev 
Ioffe  Physico-Technical  Institute  Russian  Academy  of  Sciences 
26,  Polytechnicheskaya,  St.Petersburg,  194021,  Russia,  e-mail:  alex.erofeev@mail.ioffe.ru 

This  work  is  a  continuation  of  the  series  of  the  works  aimed  to  investigation  of 
peculiarities  of  supersonic  body  streamline  by  nonequilibrium  gas-discharge  plasma  flow. 
Investigations  of  supersonic  streamline  of  semicylindrical  body  by  gas-discharge  xenon 
plasma  were  made  in  previous  work  [1],  It  was  shown  that  in  the  case  of  increase  of 
nonequilibrium  degree  (ratio  between  electron  temperature  of  plasma  flow  to  heavy  particles 
temperature)  a  distance  between  bow  shock  wave  and  body  increase  and  at  high  degree  of 
nonequilibrium  bow  shock  wave  disappears.  Discharge  parameters  were  chosen  to  increase 
electron  temperature  due  to  electron  Joule  heating  but  to  minimize  heating  of  the  gas.  By  minimizing 
heat  effects  due  to  gas  discharge  influence  it  was  shown  that  bow  shock  wave  shift  occurs 
under  the  action  of  plasma  effects  due  to  nonequilibrium  ionization  of  incoming  flow.  A 
distance  between  bow  shock  wave  and  a  body  increases  by  2  times  when  nonequilibrium 
degree  increases  up  to  5  times. 

The  main  task  of  this  work  is  an  investigation  of  influence  of  discharge  configuration 
on  supersonic  body  streamline.  Nonequilibrium  plasma  is  created  not  only  at  the  flow  before 
the  body  but  in  near-surface  region  of  the  body.  Additionally  investigation  of  magnetic  field 
effect  on  the  shock  wave  structure  will  be  made.  In  the  work  was  made  not  only  an 
investigation  of  the  dependence  of  bow  shock  shift  at  presence  of  gas  discharge  of  different 
configurations  and  magnetic  field  but  also  investigations  of  aerodynamics  drag  of  a  body. 

Fig.  1  shows  experimental  setup.  The  setup  includes  shock  tube  with  working  chamber 
with  a  supersonic  nozzle  with  a  system  of  electrodes  mounted  in  nozzle’s  walls,  system  of 
gas  discharge  generation  (based  on  thyratron  schemes),  system  of  magnetic  field  creation. 
Maximum  magnetic  field  induction  is  1 .5  T  and  duration  of  stationary  field  is  about  600  mks. 
The  plexiglass  body  in  the  form  of  semycilinder  is  located  on  the  nozzle  axis  near  3rd  pair  of 
electrodes.  When  gas  moves  along  nozzle,  it  passes  three  pairs  of  electrodes  before  body.  An 
inert  gas  Xenon  is  used  as  a  working  gas.  Such  a  choice  allows  us  to  model  plasma  influence 
upon  supersonic  streamline  of  aircraft  head  parts  without  additional  energy  expenditures  on 
air  ionization.  In  more  details  a  parameters  of  plasma  flow  in  shock  tube  and  supersonic 
nozzle  are  described  in  [1]. 

Gas  discharge  before  a  body  and  in  near-surface  region  is  switched-on  at  the  stationary 

supersonic  flow,  and  as  it 
switched-on  in  a  gas  which 
ionized  previously  in  the 
shock  tube  the  discharge  is 
diffuse.  Synchronization  of 
the  discharges  before  the 
body  and  in  near-surface 
region  is  made  by  help  of 
pulse  generators  and  delay 
between  switching-on  of  the 
discharges  before  the  body 
and  in  the  near-surface 
region  are  equal  time-of- 
flight  of  ionized  flow  from 
the  region  of  discharge 


Figure  1.  Scheme  of  working  chamber. 
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before  a  body  to  a  body  nose  part.  An  investigations  are  carried  out  at 
parameters  when  heat  of  heavy  component  of  the  gas  are  minimum. 


such  discharge 


«»  g.is  discharge 


Figure  2.  First  type  of  body  with  horizontal  electrodes. 

Figure  3.  Second  type  of  body  with  half  circle  electrodes. 

The  investigations  were  made  at  two  directions  of  gas  discharge  in  the  near-surface 
region.  In  the  first  series  of  the  experiments  a  body  in  a  form  of  semicylinder  with  horizontal 
electrodes  on  the  nose  part  were  used  (fig.2).  In  this  case  gas-discharge  current  flew  on  nose 
part  of  the  body  by  half-circle  trajectory.  An  direction  of  electric  current  vector  changes  form 
horizontal  to  vertical  and  then  back  to  horizontal  in  opposite  direction  but  remain  orthogonal 
to  the  magnetic  field  induction  vector.  At  magnetohydrodynamic  (MHD)  interaction  a 
ponderomotive  force  action  has  a  complicated  nature  and  its  action  on  the  flow  will  be  in 
compression  or  expansion  of  a  gas  in  depends  from  current  direction.  Additional  flow 
ionization  before  the  body  increase  degree  of  nonequilibrium  of  incoming  flow  and  action  on 
streamline  parameters. 

During  second  series  of  experiments  gas  discharge  occur  between  electrodes  located 
on  the  lateral  sides  of  the  semicylindrical  model  nose  part  as  shown  on  the  fig.3.  In  this  case 
current  flew  in  the  horizontal,  orthogonal  to  the  flow  vector  direction.  At  applying  external 
magnetic  field  current  vector  are  parallel  to  the  magnetic  field  induction  vector  and  current 
vector  direction  can  coincide  to  it  or  to  be  opposite.  In  this  case  there  is  no  action  of  the 
ponderomotive  force,  but  as  previous  experiments  shows  [3],  in  this  case  with  increase  of 
magnetic  field  induction  the  discharge  transforms  from  diffuse  to  contractive  one.  An 
influence  of  such  discharge  type  on  bow  shock  wave  shift  is  investigated  in  this  work.  This 
work  is  a  important  from  the  point  of  view  of  investigations  of  new  methods  of  aerodynamic 
drag  reduction  for  flight  vehicles  and  flow  control. 
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CBEPX3BYKOBOE  OETEKAHHE  TEJIA  nPH  IIOBEPXHOCTHOM 

TA30B0M  PA3Pfl£E 

A.B.Epofieee,  T.A.JIanyiuKiwa,  C.A.IIoHnee,  C.B.Eodauiee 
®TH  HM.A.O.Ho^xjDe  PAH, 

194121,  CaHKT-IleTep6ypr,  nomiTexHiiuecKafl  26,  E-mail,  alex.erofeev@mail.ioffe.ru 

flaHHaa  pa6oTa  aBjiaeTca  npoaoaaceHHeM  pa6oT  no  HccaeaoBaHHio  oco6eHHocTeft 
o6TeKaHna  Teaa  CBepx3ByK0BbiM  noTOKOM  HepaBHOBecHon  raaopaapaaHoii  naa3Mbi.  B 
npeflbmymen  pa6oTe  [1],  b  xoTOpon  nccaeaoBanocb  CBepx3ByKOBoe  oSTexaHHe 
nojiyunjiMHApnaecKoro  Tejia  ra3opa3paaHoft  naa3M0H  KceHOHa,  6biao  noKa3aHo,  hto  npn 
yBejiHHeHHH  CTeneHH  HepaBHOBecHOcm,  a  hmchho  OTHomeHna  aaexTpOHHon  TeMnepaTypbi 
naa3Mbi  Ha6eraioHi;ero  noToxa  k  ra30Boft  TeMnepaType,  yBeaHHHBaeTca  BeanaHHa  OTxoaa 
yqapHon  BoaHbi  ot  Teaa,  BnaoTb  ao  noaHoro  ee  ncaeiHOBeHna.  npn  3tom  napaMeTpbi 
ra30Boro  pa3paaa,  ncnoab3yeMoro  a-rra  co3aaHHa  cnabHo  HepaBHOBecHon  naa3Mbi  b 
Ha6eraioineM  noToxe,  6bian  noao6paHbi  Tax,  HTo6bi  aacoyaeB  HarpeB  yBeananBaa 
aaexTpoHHyio  TeMnepaTypy  noToxa,  npn  3tom  aoaa  HarpeBa  ra3a  6biaa  MHHHMaabHoft. 
MnHHMH3HpOBaB,  TaxHM  o6pa30M,  TenaoBbie  3(jx|)exTbi  BoaaencTBHa  ra30Boro  pa3paaa,  6biao 
noxa3aHo,  hto  OTxoa  yaapHoii  BoaHbi  nponcxoaHT  noa  B03aeftcTBHeM  naa3MeHHbix 
3(JxJ)exT0B,  CBa3aHHbix  c  HepaBHOBecHon  H0HH3au;HeH  naa3Mbi  HaSeraiomero  noToxa. 
PaccToaHne  ot  Teaa  ao  yaapHoft  BoaHbi  yBeananBaaocb  b  aea  pa3a  npn  yBeanneHnn 
OTHomeHna  aaexTpOHHOH  TeMnepaTypbi  x  ra30Bon  b  5  pa3. 

B  HacToamen  pa6oTe  aeaaeTca  axneHT  b  nccaeaoBaHnn  Ha  BanaHHe  KOHiJairypaunn 
pa3paaa  Ha  napaMeTpbi  CBepx3ByxoBoro  oSTexaHHa  Teaa.  HepaBHOBecHaa  naa3Ma  co3aaeTca 
xax  b  noToxe  nepea  TeaoM,  Tax  h  HenocpeacTBeHHo  b  npnnoBepxHocTHOH  o6aacTH  Teaa. 
npn  3tom  aonoaHHTeabHO  HecaeayeTea  BanaHHe  BHeuiHero  MarHHTHoro  noaa  Ha  H3MeHeHne 
yaapHo-BoaHOBoft  xomJwrypannH  Hannana.  B  pa6oTe  nccaeayeTca,  xax  MeHaeTca  npn 
HanHHHH  ra30Boro  pa3paaa  pa3Hbix  xoHijiHrypaijHH  h  MarHHTHoro  noaa  He  tohbxo 
noaoaceHne  roaoBHoft  yaapHoft  BoaHbi,  ho  h  xax  MeHaeTca  aapoaHHaMnaecxoe 
conpOTHBaeHHe  Teaa. 

HccaeaoBaHna  npoBoaaTca  Ha  ycTaHOBxe  (piic.  1 ),  BxmoaaiomeH  b  ce6a  yaapHyio 
apy6y  c  paSoaeH  xaMepon,  b  xoTOpon  HaxoaHTca  CBepx3ByxoBoe  conao  c  HaSopOM 
aaexTpoaoB,  BMOHmpoBaHHbix  b  cTeHxn,  cncTeMy  reHepaann  ra30Boro  pa3paaa  Ha  ocHOBe 
TeppOTpoHHbix  cxeM,  CHCTeMy  opraHH3au;HH  HMnyabCHoro  oaHOpoaHoro  MarHHTHoro  noaa  c 
MarHHTHoft  HHayxHHen  ao  1.5  T  h  aJiHTeabHocTbio  CTaunoHapHOH  o6aacTH  B03aeftcTBHa 
oxoao  600  mks.  Teao  b  (JtopMe  noayuHaHHapa  noMemaeTca  Ha  och  conaa  b  paiioHe  TpeTben 
napbi  aaexTpoaoB  no  HanpaBaeHHio  TeaeHHa  ra3a.  B  xaaecTBe  pa6oaero  ra3a  npn 
HecaeaoBaHHH  ncnoab3yeTca  HHepTHbin  ra3  xcchoh,  hto  no3BoaaeT  MoaeanpoBaTb 
naa3MeHHoe  B03aeiicTBHe  Ha  cBepx3ByxoBoe  o6TexaHHe  roaoBHbix  aacTeft  aeTaTeabHbix 
annapaTOB  6e3  aonoaHHTeabHbix  SHepreTnaecxHx  3aTpaT  Ha  HOHH3au;Hio  B03ayxa.  Boaee 
noapo6Ho  napaMeTpbi  TeaeHHa  naa3Mbi  b  yaapHoft  Tpy6e  h  cBepx3ByxoBOM  conae  onncaHbi  b 
[!]• 

ra30Bbift  pa3paa  nepea  TeaoM  h  b  npHnoBepxHocTHoii  o6aacTH  BxaioaaeTca  b  momcht 
CTapnoHapHoro  CBepx3ByxoBoro  oSTexaHHa,  npn  3tom  3a  caeT  toto,  hto  oh  3aacHraeTca  b 
ra3e,  xoTopbift  npeaeapHTeabHo  em,e  b  yaapHoft  Tpy6e  H0HH30BaH,  pa3paa  aBaaeTca 
ant|)(J)y3HbiM.  CHHxpOHH3au;Ha  pa3paaoB  nepea  TeaoM  h  b  npnnoBepxHocTHOH  o6aacTH 
ocymecTBaaeTca  npn  noMomn  HMnyabCHbix  reHepaTopoB,  npn  3tom  3aaepacxa 
npnnoBepxHOCTHoro  pa3paaa  OTHOCHTeabHO  pa3paaa  b  noToxe  paBHa  BpeMeHH  npoaeTa 
H0HH30BaHH0H  aacTH  noToxa  ot  o6aacTH  pa3paaa  nepea  TeaoM  ao  noBepxHocTH  roaoBHoft 
aacra  Teaa.  HccaeaoBaHna  npoBoaaTca  npn  Taxnx  napaMeTpax  noBepxHocTHoro  pa3paaa  h 
pa3paaa  nepea  TeaoM,  xoraa  HarpeB  Taaceaoii  xoMnoHeHTbi  ra3a  MHHHMaaeH. 
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OcHOBHbie  HCCJieflOBaHHfl  npOBOflflTca  npH  nByx  HanpaBJieHnax  noBepxHOCTHoro 
pa3pa^a  Ha  Tejie.  B  nepBoii  cepnn  sxcnepHMeHTOB  Hcnojib3yeTca  nojiyiiHJiHHjip  c 
ropH30HTajIBHBIM  paCTTOJTO'/KeHHeM  3JTeKTpOAOB  Ha  nOBepXHOCTH  C(})epHHeCKOH  oSaaCTH 
(pnc.2).  B  3tom  cjiyuae  ra30pa3p>mHbiH  tok  oxBaTbiBaeT  noBepxHOCTb  hocoboh  uacra  no 
nonyicpyroBOH  TpaeKTopHH.  nojioaceHHe  BexTopa  Toxa  MeHaeTca  ot  ropH30HTajibHoro  ao 
BepTHxajibHoro,  a  3aTeM  ropH30HTanbHoro  b  npOTHBonojioixHOM  HanpaBJieHHH,  ho  ocTaBaacb 
npH  3TOM  OpTOrOHajTbHbIM  BeXTOpy  MarHHTHOH  HHAyXHHH.  Ilpn 
MarHHTOrHApOflHHaMHHeCXOM  (MTfl)  B3aHMO,fleHCTBHH  fleHCTBHe  nOH^epOMOTOpHOH  CHJIbI 
6yn;eT  HMeTb  Tax  ace  cjioacHbiH  xapaxTep,  npnacHMaa  huh  oTacHMaa  ra3  ot  noBepxHocTH  Tejia 
b  3aBHCHMOCTH  ot  HanpaBJieHHfl  TeneHHa  Toxa,  H3MeHaa  npH  stom  nojioaceHHe  yaapHoii 
bojihbi  h  aspo^HHaMHnecxoe  conpoTHBjieHHe  Tejia.  flonojiHHTejibHaa  uoumaujw  noToxa 
nepe^  tcjiom  yBejiHHHBaeT  CTeneHb  HepaBHOBecHOCTH  Ha6eraioiH;eH  nna3Mbi  h  CTeneHb 
B03^eHCTBHa  Ha  napaMeTpbi  odTexaHHa. 

Bo  BTOpoft  cepnn  sxcnepHMeHTOB  noBepxHOCTHbra  pa3paa  opraHH3yeTca  npn 
noMoiHH  3jiexTpoAOB,  onoacbTBafoiHHx  no  6oxaM  rojioBHyio  uacTb  Tejia,  xax  noxa3aHo  Ha 
pnc.3.  npH  3tom  ra30pa3paAHbra  tox  pacnpocTpaHaeTca  b  ropH30HTajibHOM  HanpaBJieHHH  b 
npHnoBepxHocTHoft  o6jiacTH  nonepex  noToxa.  IIpH  HajioaceHHH  MarHHTHoro  nojia  BexTop 
Toxa  napajuiejieH  BexTOpy  MarHHTHOH  HHnyKHnn,  HanpaBJieHHe  Toxa  MoaceT,  xax  coBnanaTb 
c  HanpaBjieHHeM  MarHHTHoro  nona,  Tax  h  6bm>  npoTHBonojioacHbiM.  B  ^aHHOM  cjiyuae  HeT 
aeHCTBHfl  noH^epOMOTOpHOH  CHJibi,  ho  xax  noxa3ajiH  npeubmymHe  HCCJienoBaHHa  [2],  npH 
TaxoM  HanpaBJieHHH  npoTexaHHa  ra3opa3pa^Horo  Toxa  c  yBejinueHueM  MarHHTHOH 
HHAyxpHH  pa3pan  H3  ,flH(})(|jy3HOH  CTaflHH  nepeXO^HT  B  XOHTpOrHpOBaHHyiO,  xax  npH  3TOM 
MeHaeTca  nojioaceHHe  oTome^uieH  yqapHoft  bojihbi  Hccjie,oyeTca  b  ^aHHoft  pa6oTe. 

Pa6oTa  nojwepacaHa  nporpaMMOH  11  IIpeiHUHyMa  PAH  h  rpaHTOM  POOH  08-01- 
00330-a. 


SPACE  SOLAR  POWER  STATIONS: 

PROBLEMS  OF  ENERGY  GENERATION  AND  ITS  USE  ON  THE 

EARTH  SURFACE 

Sinkevich1  O.A.,  Gerasimov1  D.N.,  Glazkov1  V.  V.,  Ivanov2  P.P., 

Isakaev2  E.H.,  Chikunov2  S.E. 

The  Moscow  Power  Engineering  Institute  (Technical  University),  the  Joint  Institute  of  High  Temperatures  of 

the  Russian  Academy  of  Science 

Concepts  of  space  solar  power  stations,  including  the  economical  aspects,  are  widely 
discussed  in  literatures  [1-3].  Here  we  will  not  analyze  the  economic  aspects  for  a  solar 
power  stations  but  will  consider  some  technical  problems:  how  to  collect  solar  energy,  how  to 
effectively  transform  this  energy  to  electricity  in  space  power  stations,  and  how  then  to 
transport  it  to  the  surface  of  the  Earth.  Opportunities  of  using  energy  that  is  produced  by 
space  power  stations  for  usage  of  power,  ecological  and  transport  needs  on  Earth  and  in  space 
are  discussed.  Effectiveness  of  solar  power  transformation  into  electricity  in  space  power 
stations  is  analyzed.  The  following  is  considered:  the  photo  cells  installations,  the  gas-cooled 
nuclear  and  combined  nuclear-thermonuclear  installations  transforming  thermal  energy  in 
electricity  by  means  of  the  MHD-generator,  combined  gas  and  steam  turbine  installations, 
gas-steam  turbine  installations  with  MHD-generators.  The  special  analyses  are  given  for  the 
installations  with  MHD-generators,  that  are  working  on  thermo-convective  flows,  and  gas- 
turbine  installations  with  the  MHD-generator  that  are  working  on  the  cycle  with  out  using 
compressors  [4-9], 

We  consider  the  transformation  system  of  a  solar  energy  to  electricity  in  a  space  power 
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station.  This  system  includes  the  solar  batteries,  concentrators  that  transform  the  solar  energy 
to  the  thermal  energy  of  working  gases,  a  power  system,  including  the  gas  turbine  installation 
or  gas-steam  turbine  installations  with  the  MHD-generator.  The  closed  cycle  MHD- 
generator  is  working  on  non-equilibrium  magnetized  plasmas  of  inert  gases  with  small 
additives  of  the  alkaline  metals  vapors. 

Space  power  stations  with  individual  capacity  1-100  GW,  that  are  placed  in  a 
geostationary  Earth  orbit,  should  transform  the  sunlight  energy  to  the  electric  power  and  then 
transport  it  to  the  surface  of  the  Earth  by  a  microwave  beam.  On  Earth  the  microwave  beam 
energy  is  converted  into  electrical  power  for  terrestrial  use.  The  microwave  beam  from  space 
power  stations  could  supply  power  resources  to  users  that  are  at  a  great  distance  from  the 
basic  power  sources  (sub-polar  areas  of  the  Earth,  deserts  and  mountain  districts,  consumers 
in  the  seas  and  oceans,  etc.). 

Besides  direct  transformation  of  the  microwave  beam  energy  in  alternative  or  direct 
electric  currents  of  standard  parameters  of  frequencies  and  voltage  there  is  the  another 
technology  of  the  microwave  radiation  transformation.  This  technology  is  based  on  storage  of 
the  microwave  beam  energy  in  the  underground  heat  capacitors  systems.  The  heat  capacitors 
systems  consists  of  the  special  underground  cavity,  fdled  by  water  or  by  other  heat-carriers. 
The  microwave  beam  is  absorbed  by  the  water  filled  antenna. 

After  heating  the  heat-carrier  inside  mine  to  a  condition  liquid-vapor  mixture  the 
microwave  beam  moves  to  other  mine,  or  is  disconnected,  and  the  mine  is  closed  by  a  special 
cover.  The  vapor  is  transported  from  the  underground  heat  capacitors  to  the  steam  turbine.  In 
such  cycle  the  energy  stored  in  the  heat  capacitor  will  be  transformed  to  electric  using  the 
standard  steam  turbine  cycle.  It  is  similar  to  how  it  occurs  on  geothermal  power  stations.  This 
method  will  bring  nest  advantages:  influence  of  microwave  radiation  occurs  periodically,  and 
microwave  radiation  is  absorbed  practically  completely.  Such  power  stations  can  be  located  in 
the  areas  removed  from  energy  sources  and  do  not  have  to  hove  connection  with  powerful 
power  supply  systems.  The  efficiency  of  the  power  stations  transforming  the  microwave  beam 
energy  into  electric  current  of  standard  parameters  can  be  on  the  level  30  -  40  %.  This 
efficiency  is  higher  than  other  known  ways  of  microwave  radiation  transformation  in  AC  and 
this  efficiency  is  not  the  limit. 

Creation  of  space  power  stations  will  also  allow  development  of  new  technologies  for 
an  outer  space  exploration.  The  construction  of  space  power  stations  will  essentially  allow  to 
strengthen  the  strategic  balance  of  Russia. 
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KOCMHHECKHE  COJIHEHHEIE  3JIEKTPOCTAHIJHH: 
nPOEJIEMLI  IIPE0EPA30BAHIM  3HEPEHH  H  EE 
HCII0JIE30BAHIM  HA  nOBEPXHOCTH  3EMJIH 

CuHKeeuH1  O.A.,  repacuMoe1  Jl-H.,  l.  iaiKoa1  B.B.,  Heauoe2  Tl.n., 

Hcatcaee2  3.X.,  HuKynoe2  C.E. 

Mockobckhh  r3 He p tct h ec k h h  hhcthtyt  (TexHHHecKHH  yHHBepcHTeT),  OHBT  PAH 

KoHnennnn  corWHna  kocmhhcckhx  ojieicTpocTaHUHH  o6cy>K,gaiOTca  b  JiHTepaType 
[1-3].  MnpoBbie  noTpe6HocTH  b  oHeprnn  h  bo3mo>khocth  odecneueHHa  othx  noTpedHocTen 
3a  C4CT  3HeprHH,  npOU3BO^HMOh  Ha  KOCMHHeCKHX  SJieKTpOCTaHUHaX,  aHajIH3HpyiOTCfl  B 
pa6oTe  [2],  B  pa6oTe  [2]  Hccne^yioTca  3KOHOMHuecKHe  h  HHBecTHpHOHHbie  ycnoBHa,  npn 
KOTOpbIX  CTOHMOCTb  3HeprHH,  npOH3BOflHMOH  Ha  KOCMHHeCKHX  SJieKTpOCTaHIIHflX, 
CTaHOBHTca  npneMjieMOH  ^jia  Ha3eMHbix  noTpedHTejren. 

B  3toh  pa6oTe  mu  He  KacaeMca  skohomhhcckhx  BonpocoB,  a  orpaHHHHBaeMca 
odcy/K^eHneM  B03MoacHocTeft  Hcnojib30BaHHa  3Heprnn  KocMHuecKHx  3JieKTpocTaHUHH 
peajiH3auHH  3HepreTHuecKHx,  3KOJiorHuecKHx  h  TpaHcnopTHbix  noTpedHOCTeii  Ha 
noBepxHocTH  3eMjiH  h  b  0K0Ji03eMH0M  npocTpaHCTBe.  AHajiH3HpyK)Tca  pa3JiHHHbie 
TexHHuecKHe  bo3mo>khocth  npeodpa30BaHHa  cojiHeuHoro  H3JiyueHHa  b  aneRTpHuecTBO  Ha 
KocMHuecKHx  3jieKTpocTaHHHax :  ycTaHOBKH  c  (])OT03JieMeHTaMH,  ra30-oxjiaaytaeMbie 
fl^epHbie  h  KOMdnHHpOBaHHbie  aaepHO-TepMoaaepHbie  ycTaHOBKH  c  nocae^yiomeM 
npeodpa30BaHHeM  TennoBoft  oHeprnn  b  aneKTpHuecKyio  nocpe^cTBOM  MT/j  -  reHepaTopa, 
KOMdnHHpOBaHHbie  ra30—  h  napOTypdHHHbie  ycTaHOBKH,  ra30—  h  napOTypdHHHbie 
ycTaHOBKH  c  HaACTpouKon  c  MT/j  -  reHepaTopoM.  CneunajTbHbiH  aHajiH3  nocBameH 
ycTaHOBKaM  c  Mr,H,  —  reHepaTOpaMH  Ha  TepMOKOHBeKTHBHbix  noTOKax,  ra30TypdHHHbiM 
y cTaHOBKaM  h  ycTaHOBKaM  c  MT/I  —  reHepaTopoM,  padoTaromuM  b  oTcyTCTBHH 
KOMnpeccopa  ana  cacaTHa  padouero  Tena  b  hmkjic  [4-9], 

OdcyaytaeTca  cxeMa  npeodpa30BaHHa  cojihchhoh  oHeprnn  b  ajieKTpHHecKyio  Ha 
KOCMHuecKOH  3JieKTpocTaHi(HH,  cocToameh  H3  cojiHeuHbix  daTapeii,  KOHueHTpaTOpOB 
cojiHeuHOH  3HeprHH,  b  KOTopbie  cojiHeuHaa  oHeprna  nepe^aeTca  TenaoHocHTeaio  ochobhoh 
3HepreTHuecKOH  CHCTeMbi  3JieKTpocTaHpHH.  DHepreTHuecKaa  CHCTeMa  kocmhucckoh 
3jieKTpocTaHpHH  BKjuouaeT  b  ceda  ra30TypdHHHbift  hjih  ra30-  napoTypdHHHbiH  rpuoibi  c 
Ha^CTpoiiKOH  H3  Mr,H,-reHepaTOpa  3aMKHyToro  uHKJia,  padoTaioiruix  Ha  HepaBHOBecHOH 
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3aMarHHneHHOH  nna3Me  HHeprabix  ra30B  c  npncanKon  napOB  mejiOHHbix  MeTajinoB. 
AHajIH3HpyeTCa  B03M0HCH0CTb  HCn0JIb30BaHHa  flJia  KOCMHHeCKHX  3JieKTpOCTaHIIHH  Mr,H,- 
reHepaTopa  HOBoro  rana,  pa6oTaioiu;ero  Ha  TepMOKOHBeKTHBHbix  noTOKax  [4  -  9], 
co3,naBaeMbix  cojiHeHHbiM  H3JiyHeHHeM. 

KocMHHecKHe  3JieKTpocTaHpHH  c  e^HHHHHoii  MomHocTbio  1-100  TBt,  pacnonaraacb 
Ha  reocTau;HOHapHOH  op6nTe,  hojihchbi  3(J)c|)eKTHBHO  npeo6pa30BbiBaTb  3Heprnio  cojihchhoto 
H3JiyHeHHa  b  3neKTpo3HeprHK>  MHKpoBOJiHOBoro  Anana30Ha,  Korapaa  c  noMombio 
HanpaBJieHHoro  sjieKTpOMarHHraoro  nynxa  MoaceT  nepenaBaTbca  Ha  3eMJiio  nna 
noTpe6aeHHa.  B  HacToaiuee  BpeMa  BenyTca  HccjienoBaHHa  cnoco6oB  npeo6pa30BaHHa 
MHKpOBOJIHOTO  H3JiyHeHHa  B  SJieKTpHHeCKHH  TOK  CTaH^apTHblX  napaMeTpOB,  B  HaCTHOCTH 
B03MoacHocTH  o6ecneHeHHa  3HepronoTpe6HTejieH,  HaxonamHxca  Ha  6ojn>moM  paccToaHHH 
ot  ochobhbix  hctohhhkob  SHepropecypcoB  (npHnoaapHbie  pailoHbi  3eMJin,  nycTbiHHbie  h 
ropHbie  MecTHocTH,  noTpeOHTejTH  b  Mopax  h  oKeaHax  h  T.n.). 

KpOMe  cnoco6a  npaMoro  npeo6pa30BaHHa  CBH  H3JiyHeHHa  b  nocToaHHbiit  hjih 
nepeMeHHbTH  ajieKTpHHecKHe  tokh  cTaHnaprabix  nHana30H0B  nacTOT  h  HanpaaceHHH, 
aHajiH3HpyiOTca  bo3mohchocth  npeo6pa30BaHHa  SHepran  MHKpoBOJiHOBoro  H3JiyHeHHa 
TenjioByfo  b  cnepnajibHbix  non3eMHbix  aKKyMyjiaTopax  TemioTbi.  CyTb  3Toro  MeTona 
3 aKJHOH aeTca  b  tom,  hto  nynoK  saeKipoMarHHTHoro  H3JiyHeHna  HanpaBJiaeTca  b  rnaxTy 
(cneuMajibHyio  noxtocTb,  aBjiaiomyioca  npneMHOH  aHTCHHon),  aanojiHeHHyio  BHyTpH  bohoh 
hjih  npyrnM  TenaoHOCHTejiCM.  IIo  Mepe  HarpeBa  TenaoHOCHTeaa  BHyTpH  rnaxTbi  ho 
cocToaHHa  BjiaacHoro  napa,  nynoK  CBH  H3JiyHeHHa  jth6o  nepeMemaeTca  k  npyroft  rnaxTe, 
jih6o  OTKJHonaeTca,  a  rnaxTa  3aicpbiBaeTca  cnepHajibHon  KpbmiKoit.  3aTeM  nap  OTBonHTca  k 
napoBoft  Typ6nHe,  T.e.  3anaceHHaa  b  TenaoBOM  aKKyMyjiaTope  sHepraa  npeo6pa3yeTca  b 
saeKTpHHecKyio  nocpencTBOM  CTaHnapraoro  napOTypdnHHoro  pHKJia,  aHanoraHHO  TOMy,  i<ai< 
3to  npoHcxoHHT  Ha  reoTepMaabHbix  aaeKTpocTaHpnax.  IIpeHMymecTBo  ncnojib30BaHHa 
noH3eMHoro  TenaoBoro  aKKyMynaTOpa  coctoht  b  tom,  hto  B03neHCTBHe  mhkpobojihoboto 
H3ayneHHa  nponcxonuT  nepnoHnnecKH,  a  caMo  3to  H3ayneHHe  nonromaeTca  npaKranecKH 
nojiHOCTbio.  3aeKTpocTaHHHH  Taxoro  rana  MoryT  6bira  pacnoaoaceHbi  b  ynajieHHbix  ot 
HCTOHHHKOB  3HepTHH  paHOHaX  H  He  HMeTb  CB33H  C  MOIHHblMH  3HepTOCHCTeMaMH. 
3(j)c|)eKTHBHOCTb  npeo6pa30BaHHa  SHepran  mhkpobojihoboto  nyaxa  b  3JieKTpHHecKHH  tok 
CTaHHaprabix  napaMeTpoB  MoaceT  6bira  peaaH30BaH  Ha  ypoBHe  30  -  40%,  hto  cymecTBeHHee 
Bbirne  Hpyrnx  H3Becrabix  b  HacToamee  BpeMa  cnocodoB  npeo6pa30BaHHa  mhkpobojihoboto 
H3ayneHHa  b  nocToaHHbiH  saeKTpHHecKHH  tok. 

Co3H,aHne  kocmhhcckhx  3JieKTpocTaHpHH  no3BOJiHT  pa3BHBara  HOBbie  TexHoaornn 
ocBoeHHa  KocMoca  h  cymecTBeHHo  noBbicHTb  3HepreraHecKHH  noTeHqnaa  Pocch  b 
SynymeM. 

Pa6oTa  BbinoaHeHa  b  paMKax  rpanra  IIpe3HHeHTa  P<t>  /pa  Benyuinx  HaynHbix  ihkoji 
P<D  HLU-2953.2006.8. 


AEROTHERMODYNAMICS  OF  INDUCTIVELY  COUPLED  PLASMAS 
IN  RF-PLASMATRON  WITH  LENGTHENED  DISCHARGE  CHANNEL 

A.F.  Kolesnikov,  A.N.  Gordeev,  S.A.  Vasilevsky 
IPMech  RAS,  Prospect  Vemadskogo  101/1,  1 19526  Moscow,  Russia 
koles@ipmnet.ru 

Complex  shock  wave  structures  of  under-expanded  weakly  ionized  air  plasma  jets  are 
realized  on  RF-plasmatron  IPG-4  with  the  lengthened  cylindrical  discharge  channel.  These 
nonequilibrium  plasma  flows  present  the  new  physical  objects,  which  are  important  for  the 
modeling  aerodynamic  heating  and  for  valodation  of  the  CFD  codes.  The  supersonic  carbon 
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dioxide  plasma  flows  coming  out  the  sonic  nozzle  with  the  30-mm  diameter  throat  are 
obtained  and  heat  fluxes  to  20-mm  diameter  water-cooled  cylindrical  model  with  a  flat  nose 
are  measured. 

Systematic  measurements  of  the  stagnation  point  heat  fluxes  to  the  cylindrical  model 
are  carried  out  using  the  sonic  nozzle  with  40-mm  diameter  thread  and  40  and  80  mm  length 
at  the  pwer  input  in  air  plasma  29  kW,  air  mass  flow  rate  2.4  g/s,  pressure  in  the  working 
chamber  8.3  and  10.3  hPa  (Fig.  1). 

CFD  modeling  subsonic  air  plasma  flows  in  modified  IPG-4  discharge  channel  are 
performed.  Inductively  coupled  swirling  plasma  flows  are  calculated  on  the  basis  of  the 
Navier-Stokes  equations  using  Patankar-Spalding  method.  The  flow  field  has  been  considered 
as  axisymmetrical,  laminar,  chemically  and  thermally  equilibrium,  radiation  was  not  taken 
into  account.  Transport  properties  of  air  plasma  were  calculated  using  Chapman-Enskog 
theory  in  the  third  approximation  in  terms  of  the  Sonine  polynomials.  The  avereged  on  time 
amplitude  of  the  electric  field  was  calculated  using  simplified  ID  approximation  of  the 
Maxwell  equation.  The  calculations  are  carried  out  in  the  power  input  in  air  plasma  11.4- 
15.25  kW  and  pressure  range  170  -  540  hPa.  At  the  same  test  conditions  the  subsonic  laminar 
dissociated  air  flows  around  a  50-mm  diameter  model  are  calculated  on  the  basis  of  the 
Navier-Stokes  equations. 


Fig.l.  Stagnation  point  heat  fluxes  to  20-mm  diameter  cylindrical  model  with  a  flat  nose  ( Tw  =  300  K)  along  axiz 
of  the  under-expanded  air  plasma  jet  with  the  40-mm  diameter  cylindrical  nozzles  of  40  and  80  mm  length  at  Nap 
=  45  nBm,  G  =  2.4  z/c,  px  =  8.3  u  10.3  zlla.  1,  2  -  L  =  40  mm,  3,  4  -  L  =  80  mm,  2,  4 -p*,  —  8.3  zlla,  1,  3  -pm = 
10.3  zlla 

A3POTEPMO£HHAMHKA  TEHEHHH  HH^YKIJHOHHOH  IIJIA3MLI 
B  BH-IIJIA3MOTPOHE  C  Y^JlHHEHHblM  CEKIJHOHHPOBAHHbIM 

PA3PB^HLIM  KAHAJIOM 

A.0.  KonecHUKoe,  A.H.  ropdeee,  C.A.  BacujibeecKuu 
HHMex  PAH,  npocneKT  Bepiia.icKoi  o  101/1,  1 19526  MocKBa,  Pocchh 

koles@ipmnet.ru 

Ha  BM-njTa3MOTpoHe  BrY-4  c  y^jinHemibiM  ceKqnoHHpoBaHHtiM  BnxpeBtiM 
pa3pa^HbiM  KaHanoM  b  pa3JiHHHbix  KOHcjnirypaunax  -  c  Hcnojib30BaHneM  unjuiH/tpnuecKHx 
Haca^KOB  ^naMCTpoM  40  mm  h  ajihhoh  40  h  80  mm  nojiyueHbi  cnoacHbie  KOHtjiHrypauuH 
yqapHO-BOJiHOBbix  crpyiayp  b  He/topacmnpeHHbix  CTpyax  cna60H0HH30BaHH0H  nna3Mbi 
B03Ayxa.  BnepBbie  peajiH30BaH  cBepx3ByKOBon  peacHM  HCTeuemia  nna3Mbi  ymeKHcnoro  ra3a 
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H3  3ByKOBoro  conna  c  kphthhcckhm  ceneHHeM  ^naMeTpoM  30  mm  h  H3Mepem>i  TenjiOBbie 
nOTOKH  K  Me^HOH  BOflOOXJia)KflaeMOH  nOBepXHOCTH  UHJIHHflpHHeCKOH  MOflejIH  C  nJIOCKHM 
hockom  ^HaMeTpoM  20  mm.  3th  TeneHHa  npe^cTaBjiaioT  co6oh  hobbic  (J)H3HHecKHe  odbeKra, 
Ba>KHbie  fljifl  pemeHHfl  npo6jieMbi  MonejnipoBaHna  aapo^HHaMHHecKoro  HarpeBa,  a  TaioKe  ^jia 
BajiH^apHH  TeopeTHHecKHx  Mo^ejieft  h  mctoaob  pacueTa  TepMHuecKH  h  xhmhhcckh 
HepaBHOBecHbix  TeueHMii  njia3Mbi  B03,ayxa  h  yrneKHcnoro  ra3a. 

BbinojiHeHbi  cHCTeMaTHHecKHe  H3Mepemia  TennoBbix  noTOKOB  h  ^aBjieHHa 
TopMoaceHHfl  b  KpHTHnecKOH  TOHKe  pHJiHHflpHHecKOH  Modern!  c  nnocKHM  hockom  pa^nyca 
10  mm  c  Hcnojib30BaHHeM  3ByKOBoro  conjia  c  ^HaMeTpoM  Bbixo^Horo  ceueHHa  40  mm  h  c 
PHJIHHApHHeCKHMH  HaCaflKaMH  flJIHHOH  40  H  80  MM  npH  MOH1.HOCTH,  BJIOaceHHOH  B  HJia3My, 

29  kBt,  pacxoAe  B03^yxa  b  pa3pa^HOM  KaHane  2.4  r/c,  AaBjieHHH  b  6apoKaMepe  8.3  h 
10.3  rlla  (cm.  pnc.). 

fljia  nojiyneHHa  noneft  aapoTepMo^HHaMHHecKHx  napaMeTpoB  npoBeaeHo 
KOMnneKCHoe  HHcaeHHoe  MonejinpoBaHne  ao3ByKOBbix  TeueHHH  njia3Mbi  aaa  ycaoBHH 
3KcnepHMeHTOB  Ha  naa3MOTpoHe  BrY-4.  Pacae™  cTapnoHapHoro  ao3ByKOBoro  TeueHHa 
HHayKu;HOHHOH  naa3Mbi  h  BHxpeBoro  aaeKipoMarHHTHoro  norm  b  hobom  ceKLfHOHHpOBaHHOM 
yzpiHHeHHOM  paBpaaHOM  KaHaae  npoBoanaHCb.  TeueHue  HHayKHHOHHOH  naa3Mbi 
paccHHTbiBaaocb  Ha  ochobc  HHcaeHHoro  pememni  aayMepHbix  ypaBHeHHH  HaBbe-CTOKca  c 
yaeTOM  3-x  komhohcht  cxopocTH  mctoaom  KOHeaHbix  oSbeMOB  riaTaHKapa-CnoaaHHra. 
TeaeHHC  caHTaaocb  CTanHOHapHbiM,  ocecHMMeTpHHHbiM,  aaMHHapHbiM,  xhmhhcckh  h 
TepMHaecKH  paBHOBecHbiM,  H3ayaeHHe  naa3Mbi  He  yuHTbiBanocb.  KosiJxjiHpHeHTbi  nepeHoca 
B03ayxa  BbiHHcaaancb  no  TOHHbiM  (JtopMyaaM  HenMeHa  -  SiiCKora  c  yaeTOM  TpeTbero 
npH6aHaceHHa  no  noaHHOMaM  CoHHHa.  YcpeaHeHHaa  no  BpeMeHH  KOMnaeKCHaa  aMnanTyaa 
BHxpeBoro  saeKTpHnecKoro  norm  paccnHTbiBaaacb  c  noMombio  ynpomeHHbix  ypaBHeHHH 
MaKCBeaaa  -  siJxjieKTHBHOH  KBa3noaHOMepHon  Moaean.  PacaeTbi  BbinoaHeHbi  b  anana30He 
3HeproBKaaaa  b  naa3My  1 1.4  h  15.25  kBt  h  aaBaeHna  b  paspaaHOM  KaHaae  170  -  540  rlla. 

flaa  3thx  ace  ycaoBHH  Ha  ocHOBe  ancaeHHoro  pememui  ypaBHeHHH  HaBbe-CTOKca 
BbinoaHeHbi  pacaeTbi  o6TeicaHHa  ao3ByKOBOH  cipyeii  anccoHHHpoBaHHoro  B03ayxa 
PHaHHapHaecKOH  Moaean  anaMeTpoM  50  mm  b  6apoKaMepe  naa3MOTpoHa  BrY-4. 


CAPACITIVE  HF  DISCHARGE  INTERACTION  WITH  SWIRLING 

FLOW  IN  A  TUBE 

Klimov. A.,  Moralev  /.,  Minko  K.,  Plotnikova  M. 

Recently,  there  is  a  wide  interest  towards  flow  control  by  means  of  gas  discharge 
plasma  generation.  However,  interaction  of  vortical  flows  with  gas  discharges  is  poorly 
studied  yet. 

In  this  work,  interaction  of  longitudinal  and  transversal  capacitive  HF  discharges 
with  swirling  flow  in  a  tube  is  studied  at  swirl  rates  S-0-3  at  lowered  pressure  10-750  Torr  at 
two  gases:  nitrogen  and  air.  It  is  claimed,  that  discharge  significantly  affect  pressure 
distributions  in  a  flow. 

Also,  swirl  and  input  power  level  influence  on  the  discharge  regime  is  studied. 
Discharge  behavior  is  affected  by  presence  of  pressure  gradients  and  centrifugal  forces  in  a 
swirling  flow.  Due  to  buoyancy  force,  hot  HF  streamers  move  towards  the  vortex  axis  and 
form  conductive  channel.  Later  works  as  a  needle,  transferring  HF  electrode  potential  along 
the  vortex  axis  (Fig.  1 .). 
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Fig.l.  Discharge  photos  at  increasing  swirl  rates  (downwards). 


B3AHMO£EHCTBHE  EMKOCTHOrO  BH  PA3PH^A  C 
3AKPYHEHHBIM  TEHEHHEM  B  TPYEE 

KjiuMoe  A.,  Mopmiee  //.,  Muhko  K.,  IIjiomHUKoea  M. 

B  Hacroamee  BpeMa  b  MHpe  Ha6jno,naeTca  hihpokhh  HHTepec  k  ynpaBJieHHio 
noTOKOM  c  noMomtio  ra3opa3pa^HOH  njra3Mbi.  O^HaKo,  B3aHMo^eHCTBHe  BHxpeBtix  TeneHHH 
c  ra30BbiMH  pa3pa^aMH  H3yneHO  Ha  naHHbiil  momcht  HeaocTaTOHHO. 

B  ^aHHoft  pa6oTe  Hccae^oBaHo  B3aHMo^eHCTBHe  eMKocTHoro  npoAOJibHoro  h 
nonepeaHoro  BH  pa3pa^OB  c  3aKpyneHHbiM  TeaeHHeM  b  Tpy6e  b  ^nanasoHe  napaMeTpOB 
33KpyTKH  S~0-3  npn  noHH>KeHHOM  ^aBaeHHH  10-750  Topp  b  AByx  ra3ax-  a30Te  h  B03,ayxe. 
IIoKa3aHO,  hto  pa3pan  OKa3biBaeT  cymecTBeHHoe  BJinaHHe  Ha  pacnpenejiCHMe  .qaBJieHHa  b 
nonepeHHOM  h  npoAOJTbHOM  HanpaBjieHHax 

HayneHO  Taioxe  BJinaHHe  3aKpyTKH  h  BKaa^biBaeMOH  mohihocth  Ha  peacMM  ropeHHa 
paapa^a  b  pa3JiHHHbix  ra3ax.  IIoBe^eHHe  paapa^a  cymecTBeHHo  3aBHCHT  ot  npHcyTCTBHa  b 
3aKpyneHHOM  noTOKe  CHJibHbix  rpa^neHTOB  aaBJieHHa  h  peHTpoOeacHbix  chji.  ropanne 
CTpHMepHbie  xaHajibi  BcnjibreaioT  k  och  BHxpa,  (J)opMHpya  TaM  npoBOAamHH  KaHaa  (Phc.1). 
IIocaeflHHH  paSoTaeT  xax  npoBO^amaa  nraa,  nepeHOca  noTeHijHaji  BH  aaeRTpo^a  Bnojib  och 
BHxpa. 
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POINT-TO-PLANE  CORONA  DISCHARGE  FOR  HIGH  SPEED 
REACTING  FLOW  VISUALIZATION  AND  GAS  TEMPERATURE 

MEASUREMENT 


David  L.  Wismatt 

UESInc,  Dayton,  OH,  USA 

BiswaN.  Ganguly 

Air  Force  Research  Laboratory,  Wright-Patterson  AFB,  OH,  USA 

In  this  paper  we  will  report  the  results  of  experiments  designed  to  obtain  high-speed 
visualization  of  unsteady  flame  fronts  by  a  positive  polarity  point-to-plane  corona  discharge. 
We  report  here  results  of  both  propane/air  flames,  and  propane  flames  with  a  79%  argon  and 
21%  oxygen  mixture.  The  use  of  the  argon/oxygen  mixture  in  place  of  air  allows  us  to  obtain 
results  over  a  wider  range  of  fuel  to  oxidizer  ratios.  This  high-speed  flow  visualization 
technique  allows  monitoring  of  flame  reaction  zone  fluctuations,  and  can  potentially  aid  in  the 
understanding  of  the  combustion  dynamics. 


L _ _ _ J 

Fig  1.  Experimental  setup  for  data  acquisition. 

The  experimental  setup  used  to  obtain  the  data  reported  here  is  shown  in  figure  1 .  A  pul 

se  with  a  full- width  half-max  of  500  ns  at  a  repetition  rate  of  1  kHz  is  supplied  by  a 
Stanford  Research  Systems  DG535  delay/pulse  generator  which  is  used  to  trigger  both  the 
ICCD  camera  and  a  transformer  coupled  IGBT  high  voltage  switch.  The  positive  polarity  high 
voltage  is  connected  to  a  point  electrode  through  a  set  of  current  limiting  resistors.  The  height 
of  the  electrode  above  flame  is  varied  and  reported  for  the  different  flame  conditions.  The 
voltage  was  measured  using  a  Tektronix  high  voltage  probe,  while  the  current  was  monitored 
using  a  Pearson  Electronics  current  sensor.  Spectrally-filtered  optical  emissions  were  obtained 
by  focusing  the  plasma  emission  through  the  appropriate  bandpass  filters  for  each  discharge 
gas  (nitrogen,  argon)  onto  a  PMT. 

The  flow  visualization  images  were  obtained  with  a  Princeton  Instruments  PI-MAX 
ICCD  camera.  The  short  gate  time  (~  100  ns)  of  the  camera  allows  us  to  image  the  plasma 
emission  without  the  use  of  a  bandpass  filter,  as  can  be  seen  from  the  spectra  in  figure  2. 
These  time -resolved  spectra  were  obtained  with  an  Acton  3/4m  spectrometer  using  a  1200 
lines/mm  grating.  In  the  case  of  the  propane/air  flame  (figure  2a)  the  spectral  emissions 
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observed  are  from  the  nitrogen  second  positive  emissions  (N2(C  — >B)).  The  emission  lines 
near  600-700  nm  are  second  order  spectra  from  the  grating,  and  not  the  nitrogen  first  positive 
emissions.  For  the  propane/argon-oxygen  flame  (figure  2b)  the  stronger  lines  present  have 
been  identified  as  argon  emission  lines.  These  spectra  show  that  for  the  short  gate  time,  the 
only  emission  that  is  imaged  is  from  the  plasma  (no  flame  emission),  and  thus  a  filter  is  not 
needed  when  imaging  with  the  ICCD  camera.  This  removes  the  need  for  signal  averaging, 
and  improves  the  time  resolution  of  the  reacting  flow  diagnostics. 

Spectrally  resolved  N2(C  — »B)  emission  from  v=  2,  or  3  to  v  =  3  or  4  vibrational 
transitions  have  been  used  to  fit  the  rotational  intensity  distributions  from  the  corona  emission 

in  the  reaction  zone.  This 
measurement  permits  to  obtain  line  of 
sight  averaged  flame  temperature 
estimate  with  ±  70  K  temperature 
resolution. 

Previously  we  have 
investigated  [1]  the  progression  of  the 
streamer  along  the  flame  front  in  time. 
These  results  showed  that  initially  the 
high  temperature  region  of  the  flame 
front  guides  the  streamers  to  the 
cathode  due  to  the  lower  gas  density. 
The  streamer  prefers  to  travel  along 
the  path  with  higher  E/n,  and  because 
the  applied  electric  field  is 
approximately  constant  during  the 
initial  phases  of  the  streamer 
propagation,  the  high  temperature/low 
gas  density  flame  reaction  zone 
provides  this  preferred  path  for  the 
streamer  to  propagate  [2],  Once  the 
discharge  has  been  fully  developed, 
the  high  temperature  at  the  flame  front 
allows  for  a  detailed  balance  between 
the  electron  detachment  and 
attachment  rates  ,  which  causes  the 
net  loss  of  electrons  by  the  attachment 
to  O2  to  be  reduced  with  the  increasing 
gas  temperature.  This  balance  is 
satisfied  in  part  because  the  high 
temperature  allows  for  an  increase  in 
the  detachment  of  the  O2"  ion  [3].  This 
allows  the  plasma  conduction  current 
to  preferentially  distribute  along  the  hot  gas  region  and  maintain  higher  conductivity  for  a 
longer  pulse  duration  compared  to  a  similar  discharge  in  cold  gas.  The  higher  gas 
temperatures  found  in  the  propane/argon-oxygen  flame,  at  the  same  fuel  to  oxidizer  ratio 
compared  to  a  propane/air  flame,  also  allow  for  an  increase  in  the  plasma  conductivity,  which 
makes  the  argon  plasma  a  potentially  better  choice  for  imaging  flame  instabilities  over  a 
wider  range  of  fuel  to  oxidizer  ratios. 
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Fig.  2.  a)  Time-resolved  spectrum  of propane/air  flame. 
b)Time-resolved  spectrum  of propane/argon-oxygen  flame. 
These  spectra  show  that  because  of  the  short  time  gate  used 
for  the  ICCD  camera,  a  bandpass  filter  is  not  needed  to 
image  the  plasma  emission. 
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Figure  3  shows  a  set  of  propane/argon-oxygen  flame  images  taken  at  an  equivalence 
ratio  of  1.6  and  a  flow  rate  of  19  slm.  These  eight  images  were  all  taken  at  the  same  flame 
condition  and  time  delay  relative  to  the  initiation  of  the  voltage  pulse.  As  can  be  seen  in  the 
flame  images  in  figure  3,  once  the  discharge  has  been  fully  developed  the  plasma  emission 
allows  for  visualization  of  unsteadiness  in  the  flame  reaction  zone.  Note  that  by  delivering 
small  amount  of  energy  (~  1  mJ)  per  pulse  mostly  in  the  downstream  region  of  the  flame,  this 
corona  discharge  does  not  perturb  the  flame,  and  it  provides  a  capability  for  high  speed  flow 
visualization.  The  images  in  figure  3  were  obtained  with  a  single  shot  data  accumulation, 
giving  them  the  100  ns  gate- width  time  resolution.  As  can  be  seen  in  these  images,  at  some 
conditions  the  flame  tip  is  opened  up  instead  of  a  closed  conical  shape.  This,  along  with  the 
variations  seen  in  the  other  parts  of  the  flame  front  indicate  an  unstable  flame.  The  current, 
voltage  waveforms  for  these  images  are  shown  in  figure  4,  along  with  the  argon  emission 
obtained  through  a  750  nm  bandpass  filter  and  a  PMT. 


Figure  3.  Emission  images  of  argon  plasma.  The  high  temperature/low  gas  density  flame  front  acts  as  the 
preferred  path  for  the  streamer  to  travel.  The  single  shot  data  allows  for  the  imaging  of flame  front  instabilities 
with  100ns  time  resolution. 

One  approach  we  have  used  to  produce  an  unsteady  flame  front  is  to  pulse  in  small 
puffs  of  air,  which  will  change  the  equivalence  ratio  for  a  short  amount  of  time,  and  therefore 
cause  fluctuations  of  the  flame  front.  A  set  of  such  images  can  be  seen  in  figure  5.  For  these 
images,  we  used  a  small  pulsed  valve  that  was  triggered  externally  with  a  pre-set  on  and  off 
time  to  puff  in  small  amounts  of  air,  where  the  amount  of  air  that  was  pulsed  in  remained 
constant.  The  times  indicated  in  the  flame  images  of  figure  5  refer  to  the  time  delay  relative  to 
the  start  of  the  opening  of  the  pulsed 
valve.  To  obtain  these  images  with 
pulsed  air,  the  camera  and  voltage  pulse 
were  delayed  together  relative  to  the 
leading  edge  of  the  trigger  for  the  pulsed 
valve,  therefore  we  are  imaging  the  same 
temporal  point  of  the  discharge  for  each 
of  the  four  conditions  shown  in  figure  5. 

We  will  report  measurements  of  both 
propane/air  and  propane/argon-oxygen 
flame  instabilities  induced  by  the  pulsed 
valve  operation  to  demonstrate  the  high 
speed  flow  visualization  capability  of  this 
pulsed  corona  discharge.  Additionally, 
we  will  investigate  in  more  detail  the 
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Figure  4 .  Current,  voltage  and  optical  emission 
waveforms  for  the  propane/argon-oxygen  flame  studied. 
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Figure  5.  Images  of propane/air  flame  obtained  with  a  point-to-plane  corona  discharge.  The  unsteady  flame 
front  surface  observed  comes  from  pulsing  in  small  amounts  of  air  to  the  premixed  propane/air  flame. 

effects  of  equivalence  ratio  on  the  plasma  emission  and  image  quality. 
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1.  Introduction.  In  recent  decades  much  attention  has  been  drawn  to  applications  of 
non-equilibrium  plasma  for  plasma  assisted  ignition.  It  is  easier  to  study  ignition  by  non¬ 
equilibrium  plasma  under  the  action  of  a  high-voltage  nanosecond  discharge  when  the  plasma 
could  be  uniform  and  the  discharge  parameters  important  to  numerical  simulation  could  be 
measured.  Kinetics  of  ignition  in  CnH2n+2:02:Ar  mixtures  by  the  high-voltage  discharge  has 
been  studied  experimentally  and  numerically  for  n  =1-5  [1,2].  Using  measured  time-resolved 
discharge  parameters,  plasma  assisted  ignition  was  numerically  simulated  and  good 
agreement  was  obtained  between  the  calculated  ignition  delay  time  and  experimental  data.  It 
was  shown  that  the  effect  of  nonequilibrium  plasma  on  ignition  delay  is  primarily  associated 
with  faster  development  of  chain  reactions  due  to  O  atoms  produced  by  electron  impact 
dissociation  of  molecules  in  the  discharge  phase. 
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From  the  practical  standpoint,  it  is  more  interesting  to  study  plasma  assisted  ignition  in 
mixtures  in  which  O2  is  replaced  by  air.  Experimentally,  this  has  been  done  under  the  action 
of  a  high-voltage  nanosecond  discharge  in  CH4:air  mixtures  diluted  with  inert  gases  [3].  The 
purpose  of  this  paper  was  to  study  numerically  the  ignition  of  the  CHyair  mixtures  under  the 
conditions  considered  in  [3].  Particular  attention  was  paid  to  the  effect  of  N2  addition  on  the 
production  of  active  particles. 

2.  Numerical  model.  The  difference  in  characteristic  time  between  the  discharge 
phase  and  the  ignition  one  allowed  a  separate  theoretical  consideration  of  the  production  of 
atoms  and  radicals  in  the  discharge  and  of  ignition  processes.  By  analogy  with  [1,  2],  the 
evolution  in  time  of  the  density  of  active  particles  was  calculated  on  the  basis  of  a  numerical 
solution  of  the  corresponding  zero-dimensional  balance  equations  and  the  energy 
conservation  equation.  The  electron  rate  coefficients  were  calculated  from  a  numerical 
solution  of  the  Boltzmann  equation  using  experimentally  measured  time -resolved  electric 
field.  We  extended  the  kinetic  model  developed  in  [1,  2]  to  take  into  account  the  effect  of  N2 
addition  on  the  production  of  active  particles  in  the  discharge  and  on  the  ignition  processes. 
Autoignition  in  the  absence  of  the  discharge  and  ignition  by  the  discharge  were  simulated  in  a 
CH4:02:N2:Ar  =  1:4:15:80  mixture.  Ignition  delay  times  were  calculated  under  the  conditions 
considered  in  [3];  the  gas  pressure  varied  between  0.3  and  2.4  atm  and  the  gas  temperature 
varied  between  1100  and  2250  K. 

3.  Calculated  results.  The  calculated  values  of  delay  time  agree  well  with  the 
measured  ones  both  for  autoignition  and  for  ignition  with  the  discharge.  The  agreement  was 
better  at  low  pressures  at  which  the  discharge  plasma  was  much  more  uniform  [3]  and  our 
zero-dimensional  simulation  was  more  justified.  The  calculations  showed  that  the  initiation  of 
the  discharge  leads  to  a  shortening  in  the  ignition  delay  time  by  an  order  of  magnitude  at  low 
(~0.5  atm)  pressures  and  only  by  ~  100  %  at  high  (-2  atm)  pressures.  This  is  associated  with 
the  fact  that  the  specific  energy  deposited  in  the  discharge  and,  consequently,  the  density  of 
active  particles  produced  in  the  nonequilibrium  discharge  plasma  decrease  with  increasing 
pressure. 

The  analysis  of  the  calculated  results  showed  that  the  dominant  active  particles 
produced  in  the  discharge  and  leading  to  faster  ignition  of  the  mixture  studied  are  O  atoms,  in 
agreement  with  the  conclusions  made  in  [1,  2],  The  dominant  mechanism  of  O  production  in 
CH4:air  mixtures  is  the  electron  impact  excitation  of  metastable  N2  states, 

e  +  N2  — »  e  +  N2  , 

followed  by  quenching  of  N2*  in  collisions  with  O2  molecules, 

N2  +  O2  — >  N2  +  20, 

rather  than  direct  electron  impact  dissociation  of  O2.  Here,  N2*  are  N2(A3E+U),  N2(B3ng)  and 
N2(C3nu)  states. 
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1.  Beaemie.  B  nocne^HHe  AcenTnneTna  MHoro  BHHMaHna  yAenanocb  npHnoaceHHaM 
HepaBHOBecHOH  njia3Mt>T  Ana  cTHMynnpoBaHHoro  nna3MOH  BocnnaMeHeHna  (CIIB)  roptoHnx 
CMeceft.  BocnnaMeHeHHe  noA  achctbhcm  HepaBHOBecHoit  nna3Mbi  AOCTaTOHHO  nereo 
H3ynaTb,  Koma  oHa  co3AaeTca  BbicoKOBonbTHbiM  HaHoceKyHAHbiM  pa3paAOM;  npn  stom 
nna3Ma  MoateT  6biTb  oahopoahoh,  h  BaacHbie  Ana  MOAennpoBaHHa  napaMeipbi  pa3paAa 
mo3kho  H3MepHTb.  KiiHeTHKa  BocnnaMeHeHna  cMeceft  CnH2n+2:02:Ar  noA  AencTBneM 
BbicoKOBOJibTHoro  pa3paAa  naynanacb  SKcnepHMeHTanbHO  h  hhcjichho  Ana  n  =1-5  b  [1,  2],  C 
Hcnojib30BaHHeM  3KcnepHMeHTajibHbix  AaHHbix  no  AtiHaMHKe  H3MeHeHna  pa3paAHbix 
napaMeipoB  6bino  BbinojiHeHO  HHcnemioe  MOAejinpOBamte  CIIB  h  nonyneHO  xopomee 
corjiacne  MeacAy  BbinncnemibiMH  n  H3MepeHHbiMH  BpeMeHaMH  HHAyKnnn  BocnnaMeHeHna. 
Bbnio  noKa3aHO,  hto  bjihahhc  HepaBHOBecHoit  nna3Mbi  Ha  3aAepaocy  BocnnaMeHeHna  CBH3aH0 
c  ycKopeHHeM  pemibix  peaKunit  6naroAapa  aTOMaM  O,  Hapa6oTaHHbiM  b  pa3paAe  npn 
AHCCOLtHapHH  MOJieKyjI  SJieKTpOHHbIM  y^apOM. 

C  npaKTHHecKon  tohkh  3peHna  6ojiee  HHTepecHo  H3ynaTb  CIIB  b  cMecax,  b 
KOTOpbIX  KHCJIOpOA  3aMCHCH  Ha  B03AyX.  SKCnepHMCHTanbHO  3TO  HCCJlCAOBajtOCb  nOA 
AeftcTBHeM  BbicoKOBOJibTHoro  HaHoceKyHAHoro  pa3paAa  npnMeHHTejibHo  k  cmcch  CH4  c 
B03AyxoM,  pa36aBJieHHOH  HHepTHbiM  ra30M  [3,  4],  U,ejibto  naHHon  paSoTbi  6bino  HHCJieHHoe 
MOAejinpoBaHHe  cMecn  CH4:B03Ayx  b  ycnoBHax  sKcnepnMeHTa  [3,  4],  Oco6oe  BHHMaHHe 
6bmo  yAeneHO  bjihahhio  no6aBneHna  N2  Ha  Hapa6oTi<y  aKTHBHbix  HacTnn. 

2.  HncjieHHaH  MOAeJib.  Pa3nHHne  b  xapaKTepHbix  BpeMeHax  patpaAHoii  (J)a3bi  h 
(J)a3bi  BocnnaMeHeHna  n03B0HHjiH  pa3AejibHo  paccMaTpHBaTb  Hapa6oTKy  aTOMOB  h 
paAHKajiOB  b  paapane  h  npoueccbt  BocnnaMeHeHna  b  nocnepa3paAHOH  cthahh.  IIo  aHanorHH 
c  [1,  2],  AHHaMHKa  H3MeHeHna  nnoTHocTn  aKTHBHbix  nacTHH  MOAejinpoBajiacb  Ha  ocHOBe 
HHCJieHHoro  pemeHHfl  cooTBeTCTByiomHx  HyjibMepHbix  ypaBHeHHii  SanaHca  h  ypaBHCHna  Ana 
TeMnepaTypbi  ra3a,  Bbipaacaiomero  3aKOH  coxpaHeHHa  3HeprHH.  KoHCTaHTbi  ckopocth 
3JieKTpOHHbix  npoHeccoB  onpenenanncb  H3  HHcnemioro  pemeHHa  ypaBHeHHa  BoabitMaHa  c 
Hcnoab30BaHHeM  3KcnepHMeHTajibHbix  AaHHbix  no  sneKTpnHecKOMy  nojno  b  pa3paAe. 
KHHeTHnecKaa  cxeMa  6biJia  pacninpeHa  3a  cneT  BRntoneHna  nponeccoB  c  yHacraeM  N2, 
KOTopbie  MoryT  BanaTb  Ha  o6pa30BaHne  aKTHBHbix  nacTnit  b  pa3paAHon  (J)a3e  h  Ha  npopeccbi 
BoenjiaMeHeHHa.  CaMOBoennaMeHeHne  h  BoenjiaMeHeHHe  nocne  pa3paAa  MonennpoBanocb 
AJia  cMecn  CH4:02:N2:Ar  =  1:4:15:80.  BpeMa  HHAyKHnn  BocnnaMeHeHna  Bbinncnanocb  Ana 
ycnoBHH  SKcnepHMeHTa  [4],  KorAa  AaBneHne  ra3a  MCHaaocb  ot  0.3  ao  2.4  aTM,  a  ra30Baa 
TeMnepaTypa  MeHanacb  b  Atiana30He  MeacAy  1 100  h  2250  K. 

3.  PeiyjibTaTbi  pacneTOB.  Pe3ynbTaTbi  pacneTOB  BpeMeHn  HHAyKHnn 
BocnnaMeHeHna  cornacyiOTca  c  H3MepeHHaMH,  KaK  Ana  caMOBOcnnaMeHeHHa,  TaK  h  Ana 
BocnnaMeHeHna  nocne  pa3paAa.  Cornacne  6bino  nynrne  npn  hh3khx  AaBneHHax  ra3a,  KorAa 
pa3paAHaa  nna3Ma  6bina  6onee  OAHOpOAHa  [4],  h  Hcnonb3yeMaa  b  paSoTe  HynbMepHaa 
MOAenb  6onee  onpaBAaHa.  PacneTbi  noKaaann,  hto  HHHHHnpoBaHHe  pa3paAa  npHBOAHT  k 
coKpaineHMio  BpeMeHH  HHAyKHHH  BocnnaMeHeHna  Ha  nopaAKH  BenHHHHbi  npn  hh3khx  (~  0.5 
aTM)  AaBneHHax  n  TonbKo  Ha  ~  100  %  npn  bbicokhx  (~2  aTM)  AaBneHHax.  3to  o6bacHaeTca 
TeM,  hto  yAenbHbiH  SHeproBKnaA  b  pa3paA  h,  cneAOBaTenbHO,  Aona  Hapa6oTaHHbix  b 
pa3paAHoii  HepaBHOBecHOH  nna3Me  aKTHBHbix  nacTHH  naAaioT  c  poctom  AaBneHHa. 
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AHanH3  pe3ynbTaT0B  pacueTa  noica3aji,  hto  ^OMHHHpyiomHMH  aKTHBHbiMH 
nacTHpaMH,  HapaSaTbiBaeMbiMH  b  paspa^e  h  npHBO^amiiMH  k  ycKOpeHHio  BOcnjiaMeHetma, 
aBjiaioTca  aTOMbi  O,  b  cooTBeTCTBHH  c  BbiBo^aMH  pa6oT  [1,  2],  Kaic  h  b  [5],  oahhm  H3 
raaBHbix  MexaHH3MOB  HapadoTKH  aTOMOB  O  b  CMecH  MeTaHa  c  B03^yxoM  aBJiaeTca 
B036yac^eHHe  MeTacTa6HjibHbix  coctouhhh  N2  aaeKTpoHHbiM  yqapoM, 

*  e  +  N2  — >  e  +  N2  , 

c  nocjie^yiomHM  TymeHneM  N2  b  CTOJiKHOBemiax  c  MOJieicyjiaMH, 

N2*  +  02  ->  N2  +  20. 

BKaaa  ace  npaMOH  .aiiccomiamiM  O2  3JieKipoHHbiM  yzjapOM  0Ka3anca  MeHee 
BaacHbiM.  3^ecb  no^  N2  noApa3yMeBajiHCb  coctouhhji  N2(A  I  u),  N2(B  ng)  h  N2(C  nu). 


MODELING  OF  PREMIXED  ETHYLENE-AIR  FLOW  IGNITION  BY 
NON-UNIFORM  NON-THERMAL  PLASMA 

A.  P.  Napartovich1, 1.  V.  Kochetov1,  S.  B.  Leonov2 
1  SRC  RF  Troitsk  Institute  for  Innovation  and  Thermonuclear  Research,  Troitsk, 

Moscow  region,  Russia 

institute  of  High  Temperature  Russian  Academy  of  Science,  Moscow,  Russia 

A  fundamental  problem  faced  by  designers  of  a  hypersonic  scramjet  (HSSJ)  is  the 
acceleration  of  ignition  of  a  fuel  mixture  to  a  supersonic  velocity,  which  can  provide  mixture 
ignition  within  reasonable  distances  from  the  flow  inlet.  The  idea  of  using  plasma-assisted 
methods  of  fuel  ignition  is  based  on  non-equilibrium  generation  of  chemically  active  species 
that  speed  up  the  combustion  process  [1-2].  It  is  believed  that  gain  in  energy  consumed  for 
combustion  acceleration  by  plasmas  is  due  to  the  non-thermal  nature  of  discharge  plasma, 
which  allows  radicals  to  be  produced  in  an  above-equilibrium  amount. 

Threshold  plasma  energy  input  required  for  ignition  of  premixed  gas  mixture  of 
ethylene  and  air  in  conditions  typical  for  HSSJ  was  evaluated  in  [3],  For  uniform  plasma  it  is 
about  2  lOJ/g.  This  rather  large  value  can  be  supplied  by  a  high-power  supply  source.  One  of 
options  to  reduce  the  threshold  energy  is  usage  of  non-uniform  discharge  where  chemical 
energy  released  in  high  excited  regions  can  elucidate  ignition  of  the  total  flow.  As  was  noted 
by  authors  [4],  there  are  experimental  data  indicating  that  plasma  chemical  conversion  of 
methane  is  more  effective  when  discharges  have  filamentary  form.  We  anticipate  that  usage 
of  non-uniform  (filamentary)  plasma  may  accelerate  essentially  ignition  of  premixed  fuel  -  air 
flows. 


Fig.  1.  Sketch  of  supposed  filamentary  discharge  (view  from  above). 

Fig.  2.  Calculated  induction  time  for  ignition  of  C^H j:()2:S?=I  :3: 1 2  mixture  flow  with  M  =  2.6,  Ps,  =  1  bar,  l\, 
=  700  Kas  a  function  of  the  reduced  energy  input. 
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A  periodical  system  of  transverse  pulse  micro-discharges  looks  as  an  appropriate  one 
for  ignition  of  inflammable  mixtures  (Fig.  1).  They  can  be  realized  with  a  special  electrode 
system.  It  is  of  great  interest  to  simulate  numerically  such  a  system  using  various 
approximations  for  description  of  gas  dynamic  flows.  Since  typical  duration  of  non-thermal 
pulse  discharge  at  atmospheric  pressure  is  short  in  comparison  with  gas  dynamic  processes 
the  pulse  discharge  occupies  a  fixed  volume  Vo.  Then  the  excited  gas  mixture  is  mixed  with 
the  unexcited  mixture,  which  causes  temperature  reduction  compensated  partially  by  fuel 
burning  from  the  environment.  The  detailed  modeling  of  a  system  of  agitated  streams  is  a 
very  complicated  task,  taking  into  account  necessity  to  describe  correctly  combustion 
chemistry.  To  evaluate  ignition  efficiency  in  conditions  of  non-uniform  excitation,  a  model  of 
distributed  mixing  for  finite  time  was  formulated,  the  numerical  code  was  modified,  and 
numerical  simulations  were  performed  for  ignition  of  supersonic  ethylene-dry  air  mixture  by 
the  system  of  transverse  discharges.  Calculations  were  made  for  the  stochiometric 
composition  of  the  premixed  mixture  at  the  static  pressure  1  bar  and  gas  temperature  700  K 

It  was  numerically  demonstrated  that  usage  of  the  non-uniform  discharge  with 
following  mixing  of  excited  and  unexcited  gas  portions  can  reduce  essentially  the  threshold 
energy  input  required  for  combustion  initiation  of  premixed  fuel  -  oxidizer  flow.  Fig.  2  shows 
how  the  predicted  induction  time  for  combustion  of  ethylene-air  mixture  depends  on  the 
energy  input  per  mass  of  gas  flow  in  the  case  of  filamentary  discharge  for  two  values  of 
mixing  time.  At  Atmix=\00  and  Atin(j= 500ps  the  required  reduced  energy  input  is  about  57  J/g, 
that  is  remarkably  lower  than  for  uniform  discharge. 
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MO^EJIHPOBAHHE  HHHIJHHPOBAHHJI  rOPEHMM 
nPE^BAPHTEJIBHO  IIEPEMEfflAHHOH  3THJIEH  B033VLUH0H 
CMECH  HEO^HOPO^HOH  HEPABHOBECHOH IIJIA3MOH 

A.  II.  Hanapmoeim1 ,  H.  B.  Koae  mis',  C.  E.  Jleonoe2, 

'THU,  P®  TpOHUKHH  ItHCTHTyX  ilHHOBaUMOHHbIX  H  TepMOHflepHblX  ttCCJieflOBaHHH, 

142190,  TpoHUK  M.o.,  Poccna 
2OHBT  PAH,  125412,  PbKOpcicaa  13/19,  MocKBa,  Poccna 

OcHOBHaa  3aAaua,  croamaa  nepen  pa3pa6oTHUKaMu  rnnep3ByKOBoro  npaMOTOHHoro 
B03AymHO-peaKTHBHoro  nBHraTena  (mBPfD,  yMeHtmemie  umiHbi  iiHimniipoBaHiia  no 
paccTosHHH,  oSecnevHBaToinux  BocnjiaMerreHne  TonjiHBHo-B03nyniHOH  cMecn  b  xaiviepe 
cropamra  Ha  pa3yMHbix  paccroaHHax  npn  cxopocTax  noTOxa  c  hhcjiom  Maxa  okojio  neyx. 
H nea  HcnojiB30BaHHa  njia3MeHHi>ix  MeTonoB  BocnaaMeHeHua  TonjiHBa  ocHOBaHa  Ha 
HepaBHOBecHoii  reHepaiiHH  xhmhhcckh  aKTHBHbix  uacTuu,  ycxopaiomHx  nponecc  ropeHHa 
[1-2],  IIpennoaaraeTca,  hto  Bbiurpbim  b  3HepruH,  BaTpauMBaeMou  naa  ycxopeHHa  ropeHHa,  b 
njia3MeHHbix  MeTonax  nocraraeTca  3a  cueT  HepaBHOBecHoii  npnponBi  naa3Mbi  b  pa3pane, 
no3BoaaioiH,eH  npOH3BecTH  CBepxpaBHOBecHyio  KOHueHTpauHio  panHxajiOB. 

B  pa6oTe  [3]  paccuuTaHbi  noporoBbie  3HepruH  naa  onHoponHoro  naaBMeHHoro 
HHHiiHHpoBaHHa  ropeHHa  npenBapHTeabHO  nepeMemaHHoii  bthuch  B03nyuiHoii  CMecn  b 
ycaoBHax  thhhhhbix  naa  pa6oTbi  fflBP/1,  BeaunuHa  noporoBoft  BHepruu  cocTaBuna  oxoao 
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210  JXfch:.  3Ta  Sojibinaa  BeaHHHHa,  Tpe6yiomaa  Mom,Hbix  hctohhhxob  snexTpHnecTBa.  OanH 
H3  nyTeii  CHHaceHHa  noporoBOH  SHepTHH  -  Hcnoab30BaHHe  HeoaHopoaHoro  pa3paaa, 
KOTOpblH  n03B0JiaeT  JXJin  HHHIIHHpOBaHHa  MCn0JIb30BaTb  XHMHHeCXyiO  3HeprHK), 
BbiaeaaioiHyioca  b  oSaacTH  6ojibiiiHx  SHeproBxaaaoB.  B  HenaBHO  onySaHxoBaHHOM  o630pe 
no  njia3M0XHMHnecK0H  KOHBepcHH  MeTaHa  c  noMombio  pa3paaoB  Tnna  ncKpbi  n  cxoab3amen 
ayrn  [4]  yKa3aHO,  hto  3aTpaTbi  SHeprnn  Ha  KOHBepCHio  MeTaHa  Ana  HeoaHOpoaHbix  pa3paaoB 
HHace,  neM  juw  oaHopoaHbix.  3to  no3BoaaeT  HaaeaTbca,  hto  npn  Hcnojib30BaHHH 
HeOHHOpOHHblX  pa3pfl^OB  flJia  nJia3MeHHOrO  HHHIJHHpOBaHHH  rOpCHHa  T0nHHBH0-B03ayHIHbIX 
CMeceft  yaeabHaa  3Heprna  jum  BOcnaaMeHeHHa  MoaceT  oxa3aTbca  MeHbrne,  neM  npn 
HCn0JIb30BaHHH  OflHOpOflHbIX  pa3paaoB. 

OaHoft  H3  npHBHeKaTejibHbix  cxeM  noaaoiraHHa  ropioHHx  cMecen  npeacTaBaaeTca 
noaacHr  noTOKa  CMecn  chctcmoh  nonepeHHbix  HMnyabCHbix  MHXpopa3paaoB, 
pacnojioaceHHbix  nepnoaHHecxn  b  6okobom  HanpaBjieHHH  (Phc.  1).  Ohh  MoryT  6biTb 
ccftopMHpOBaHbi  cneHnajibHOH  saexTpoaHOH  chctcmoh.  npe^CTaBJiaeT  6onbmoH  HHTepec 
HHCJieHHo  CMOAejinpoBaTb  Taxyw  cHCTeMy  c  ncnojib30BaHHeM  pa3Horo  ypoBHa 
npHSjiHaceHHH  b  onncaHKH  ra3oaHHaMHHecxoro  TeneHHa.  nocxoabxy  THnHHHaa 
aanreabHocTb  HepaBHOBecHbix  HMnyabCHbix  pa3paaoB  npn  aTMoc(})epHOM  aaBaeHnn  xopone 
xapaKTepHbix  rasoaMHaMHHecxMx  BpeMeH,  to  moxcho  CHHTaTb,  hto  3HeproBxaaa  b  pa3paae 
npoHcxo^HT  b  (J)HKCHpoBaHHOM  o6beMe  Vo.  flaaee  B036yacaeHHaa  ra30Baa  cMecb 
pacniHpaeTca  h  CMeniHBaeTca  c  HCB036y>xaeHH0H  CMecbio,  hto  npHBoaHT,  c  oaHoii  CTOpOHbi, 
k  noHHaceHHio  TeMnepaTypbi,  a  c  apyron  ctopohm  -  k  BbiaeaeHmo  Tenaa  3a  chSt  cropaHHa 
TonaHBa  H3  HeB036yacaeHH0H  cmcch.  IIoaHaa  Moaeab  chctcmbi  nepeMeniHBaiomHxcH  CTpyii 
c  BbiaeaeHneM  Tenaa  Hpe3BbiHanHo  caoacHa,  ynnTbiBaa  HeoOxoanMocTb  coxpaHeHHa 
ochobhbix  KHHeTHnecKHx  ocoSeHHOCTeH  ropeHHa.  ,Haa  ohchkh  scjaJteKTa  BOcnaaMeHeHHa  b 
ycaoBHax  HeoaHopoaHoro  B036y>xaeHHa  c^opMyanpoBaHa  Moaeab  pacnpeaeaeHHoro 
CMemeHHa  3a  xoHenHoe  BpeMa,  MoamfmijHpoBaHa  HHcaeHHaa  nporpaMMa,  h  npoBeaeHbi 
pacaeTbi  BOcnaaMeHeHHa  cBepx3ByKOBoro  noToxa  chctcmoh  Mnxpopa3paaoB  nonepex 
noTOxa.  Bee  pacneTbi  BbinoaHeHbi  ana  CTexHOMeTpHneexoft  npeaBapHTeabHO  nepeMemaHHOH 
CMecn  3THaeHa  c  cyxHM  B03ayxoM  c  HaaaabHbiM  cTaraHecxHM  aaBaemieM  1  aTM  h 
TeMnepaTypoft  700  K. 

MncaeHHo  npoaeMOHCTpnpoBaHo,  hto  Hcnoab30BaHHe  HeoaHopoaHoro  pa3paaa  c 
nocaeayiomHM  CMemeHHCM  B036yacaeHH0H  h  HeB036y>xneHH0M  nopuMM  cmcch  mokct 
npHBecTH  x  cymecTBeHHOMy  cHHJxeHHio  Tpe6oBaHHH  x  xapaxTepncraxaM  pa3paaa  ana 
HHHpHHpOBaHHa  ropeHHa  b  npeaBapHTeabHO  noaroTOBaeHHOH  cmcch  oxncaHTeaa  c 
TonaHBOM.  Ha  Pnc.  2  noxa3aHo  xax  pacneTHoe  BpeMa  BOcnaaMeHeHHa  3aBHCHT  ot  yaeabHon 
BaoaceHHOH  3HeprHH  Ha  eanHHuy  Maccbi  ra30Boro  noTOxa  b  caynae  HeoaHopoaHoro  pa3paaa 
ana  asyx  BeaHHHH  BpeMeH  CMemeHHa.  ,Zl,aa  BpeMeHH  CMemeHHa  At mix  =  100  mxc  h  BpeMeHH 
BOcnaaMeHeHHa  At ind  =  500  mxc  Tpe6yeTca  yaeabHaa  3Heprna  57  ,II,>x/r,  hto  3HaHHTeabHo 
MeHbrne  neM  b  oaHOpoaHOM  pa3paae. 


122 


SESSION  9.  Plasma  Kinetics  -  2 


NON-EQUILIBRIUM  EFFECTS  IN  HYPERSONIC  MHD  FLOW 


V.A.  Bityurinl,  A.N.  Bocharovl,  and  N.A.  Popov2 

'joint  Institute  of  High  Temperatures  of  Russian  Academy  of  Sciences,  Moscow,  Russia 
2Moscow  State  University,  Moscow,  Russia 

Recently  [1,2],  the  novel  concept  called  MHD  parachute  has  been  presented.  The  idea 
is  to  effect  on  the  re-entry  vehicle  trajectory  by  means  of  MHD.  Plasma  behind  the  bow  shock 
interacts  with  magnetic  field  generated  by  the  built-in-body  magnetic  system.  As  a  result, 
magnetic  force,  cross-product  of  plasma  current  and  magnetic  induction,  is  generated  in 
plasma  around  the  flown  body  directed  mainly  against  the  ffee-stream  flow.  In  turn,  the 
plasma  current  interacts  with  current  within  magnetic  system  so  that  the  plasma  flow 
“attracts”  the  body  and  the  body  decelerates  too.  It  has  been  numerically  shown  that 
electromagnetic  drag  could  be  one  order  of  magnitude  more  than  hydrodynamic  one.  It  has 
also  been  shown  that  neither  angle-of-attack  nor  shape  of  the  body  influence  the  flight  at 
magnetic  field  induction  of  order  of  l-2Tesla.  Those  preliminary  results  were  obtained  with 
the  flow  model,  which  takes  into  account  thermal  ionization  of  air  behind  the  bow  shock. 
Such  model  is  suitable  for  ground-based  facilities  rather  than  real  flight  conditions. 

Assessment  of  MHD  parachute  effect  for  real  air  flow  conditions  show  that  ionization 
level  acceptable  for  MHD  interaction  is  present  only  around  a  leading  edge  of  the  flown  body. 
The  flow  downstream  the  leading  edge  can  be  characterized  as  the  frozen-chemistry  flow  and 
ionization  degree  of  order  of  10'4  and  less  is  not  sufficient  to  provide  electrical  conductivity 
on  the  level  of  103  Mho/m  in  the  region  of  interest.  At  the  same  time  it  has  been  observed  that 
electric  field,  [UxB],  induced  in  plasma  by  the  imposed  magnetic  field  may  be  as  high  as 
several  hundred  Townsend.  Such  high  electric  field  several  times  exceeds  the  breakdown  field 
value.  Therefore,  it  makes  sense  to  consider  non-equilibrium  ionization  of  air  due  to  strong 
electric  field. 

Preliminary  estimations  of  the  effect  of  ‘field  ionization’  presented  in  [3,4] 
demonstrated  amazing  effect.  Magnetically  induced  electric  field  provided  an  ionization 
degree  of  order  of  several  percent  in  the  region  of  interaction.  As  far  as  MHD  is  concerned, 
three-fold  drug  increase  was  detected  for  magnetic  field  magnitude  below  one  Tesla.  Those 
first  results  were  obtained  for  simplified  kinetics  model,  in  which  electron  impact  dissociation 
was  not  considered. 

In  the  current  paper  effects  of  field  ionization  due  to  imposed  magnetic  field  are 
considered  for  hypersonic  flow  of  nitrogen  over  a  blunt  plate  (base  for  parachute  and/or 
generator)  with  the  built-in  magnetic  system.  Attention  is  paid  to  several  key  moments. 

First,  new  chemical  kinetics  model  is  presented,  which  takes  into  account  traditional 
thermo-chemical  reactions  for  N2,  N,  N2+,  N+,  and  electrons.  In  addition,  electron  impact 
ionization  of  N2  and  N  is  included  (with  appropriate  backward  recombination)  and  electron 
impact  dissociation  of  N2  is  accounted  for.  All  electron  impact  reaction  rate  constants  are 
assumed  to  be  functions  of  so  called  reduced  electric  field,  E/No  (E  is  the  electric  field 
strength,  No  is  total  number  density).  Typical  for  gas  discharge  simulation  form  of  the  rate 
constants  is  modified  to  take  into  account  the  decrease  of  electron  drift  velocity  due  to  strong 
Hall  effect.  Backward  reactions  are  governed  by  the  electron  temperature. 

Second  key  feature  is  estimation  of  the  transport  properties  of  the  mixture.  It  is 
assumed  that  cross-sections  for  collisions  with  participation  of  electron  are  determined  with 
the  electron  temperature.  So,  the  latter  is  calculated  from  the  transport  equation  for  electron 
energy  coupled  with  the  entire  flow-chemistry-electrodynamics  model.  Electron  energy 
equation  takes  into  account  tensor  character  of  electron  heat  conductance  in  the  presence  of 
magnetic  field,  energy  gain  from  electro-magnetic  field,  elastic  energy  losses,  and  inelastic 
energy  losses. 
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Probably  most  questionable  and  difficult  to  estimate  is  third  key  moment  related  with 
the  estimation  of  the  inelastic  energy  losses.  These  include  the  losses  due  to  electron  impact 
dissociation  and  ionization,  vibrational  excitation  of  N2,  and  excitation  of  electronic  states  of 
N2  and  N.  The  model  for  inelastic  losses  as  well  as  for  field  kinetics  was  developed  outside 
the  flow  model  [4-7].  In  the  current  work  curve-fitting  approximations  for  the  inelastic  losses 
were  used  as  functions  of  governing  parameters,  reduced  electric  field,  electron  and  gas 
temperatures,  and  concentrations. 

New  effect  of  non-equilibrium  ionization  is  demonstrated  in  the  flow  over  a  lab-scale 
blunt  plate.  Under  free-stream  conditions  and  magnetic  system  configuration  considered  the 
concentration  of  charged  particles  increases  in  almost  two  orders  of  magnitude  in  comparison 
with  thermal  kinetics  case  (no  magnetic  field).  It  was  found  that  induced  electric  field  , 
[UxB],  just  ignites  the  discharge.  The  main  contribution  to  the  reduced  electric  field,  E/No, 
comes  from  the  Hall  component  of  electric  field.  As  far  as  intensity  of  interaction  is 
concerned,  the  total  drag,  for  example,  increases  in  more  than  two  times,  whereas  no  change 
in  drag  is  observed  within  traditional  thermal  kinetics  approach.  Effect  of  generation  of 
plasma  by  magnetic  field  in  hypersonic  flow  seems  to  offer  a  new  potential  for  flow  control 
and/or  on-board  power  generation. 
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npeAJioaceHHaa  He^aBHo  KOHqemjHa  ycKopemroro  TopMoaceHHa  annapaTa  b  BepxHnx 
cnoax  aTMOC<|)epbi,  MTfl  napaimoT  [1,2],  ocHOBaHa  Ha  reHepauuu  B3auMoneucTBua  tokob  b 
njia3Me  yuapHoro  cnoa  c  MarHHTHbiM  nojieM,  co3,naBaeMbiM  6optoboh  MarHHTHOH  cucTeMoii. 
OqeHKH,  BbinojiHeHHbie  fljia  ycnoBHH  mvieioiueHca  3KcnepuMeHTajibHOu  ycraHOBKH, 
noKa3anH  B03MoacHocTb  yBejiuueHua  Ha  nopa^oK  ruApoAHHaMuuecKoro  c onpoTHB jieHHa 
Teaa. 
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OpemcH  3(J)(J)eKTa  ana  ycnoBHH  peaabHon  aTMoecjiepbi  noKa3biBaiOT,  hto  cymecTBeHHoe 
B3aHMOfleiiCTBHe  MOaceT  HMCTb  MeCTO  JIHIUb  B  OKpeCTHOCTH  KpHTHHeCKOH  TOHKH 
o6TeKaeMoro  Tejia,  rae  BbicoKaa  TeMnepaTypa  b  yaapHOM  caoe  MoaceT  o6ecneHHTb  cTeneHb 
HOHH3apHH  B03flyxa,  AOCTaTOHHyiO  AHH  C03flaHHa  HHTeHCHBHOrO  Mr,!],  B3aHMOfleHCTBHfl. 
Bhh3  no  noTOKy  Haa  noBepxHocTbio  npoTaaceHHoro  Tejia  CTeneHb  noHH3an;HH  Ha  ypoBHe  10'4 
n  Hnace  aBHO  HeaocTaTOHHa  ana  o6ecneneHHa  npneMJieMoro  ypoBHa  saeKTponpOBOAHOCTn 
nopaaxa  103  Mo/m.  B  to  ace  BpeMa  6buio  o6pameHo  BHHMaHne  Ha  to,  hto  BejiHHHHa 
HHAypHpOBaHHoro  ajieKTpHHecKoro  noaa  [UxB]  MoaceT  AOcraraTb  3HaneHHH  b  cothh 
TayHceHA  b  oSaacTn,  npeacTaBaaiomeH  HHTepec  ana  MT/]  napamioTa  h/hjih  6opTOBoro 
reHepaTOpa.  IIosTOMy  B03HHKJia  h aea  paccMOTpeTb  B03M0acH0CTb  HOHH3au;HH  b  chjibhom 
HHAypHpoBaHHOM  3jieKTpHHecKOM  none.  IlepBbie  oqeHKH  3<jx[)eKTa  HepaBHOBecHon 
«noneBOH»  H0HH3auHH  AJia  KOHcftHrypapHH  «Mr,Z]  napamK)T»  [3,4]  npoaeMOHCTpHpOBaaH 
BneHaTjiaiomHH  3<])(})eKT:  CTeneHb  noHH3anHH  B03ayniHon  njia3Mbi  AOCTnrajia  hcckojibko 
npopeHTOB  npH  BecbMa  yMepeHHbix  3HaneHHax  MaramnoH  HHAyKHHH.  Hto  icacaeTca  Mr!] 
3(})(})eKTa  noaeBon  noHH3an;HH,  to  no  KpanHen  Mepe  TpexKpaTHoe  yBeanneHne 
conpOTHBJieHHfl  6bmo  3a<|)HKCHpOBaHO  b  pacHCTax.  B  3thx  pacneTax  Sbijih  yHTCHbi  jihuib 
ocHOBHbie  peaKunn  HOHH3au:HH  3jieKTpoHHbTM  yAapoM  6e3  yneTa  AHCcoqnanHH  saeKTpoHHbiM 
yAapOM. 

B  ashhoh  pa6oTe  paccMaTpHBaioTca  scJxJieKTbi  HepaBHOBecHon  HOHH3an;HH  b 
rnnep3ByKOBOM  noTOice  a30Ta,  nopoacAaeMbie  MarHHTHbiM  noneM  (icoHcJinrypanna  Mr]] 
napauiTOT/reHepaTop).  npeanoaaraeTca,  hto  TpaannnoHHaa  (TepMHnecKaa)  xHMnnecKaa 
KHHeTHKa  cnpaBeAJiHBa  AJia  cmcch  N2,  N,  N2+,  N+  n  saeKTpOH.  IIomhmo  stoto  KHHeTHHecicaa 
cxeMa  coAepacHT  peaKqnn  HOHH3an;HH  N2  h  N  aaeKTpoHHbiM  yAapoM,  peaicpHn  AnccoqnanHH 
N2  3JieKTpOHHbiM  yAapoM  h  cooTBeTCTByiOHiHe  oSpaTHbie  peaioinn  peKOM6nHau;HH  h 
accopHapHH.  CnHTaeTca,  hto  ckopocth  npaMbix  peaKpnn  onpeaeaaioTca  bcjihhhhoh 
npHBeACHHoro  sjieKTpHHecKoro  noaa,  E/No  (E  -  MOAyJib  HanpaaceHHOCTH  noaa,  No  - 
HHCJTOBaa  njioTHocTb  ra3a).  KoHCTaHTbi  cKopocTen  o6paTHbix  peaKqnn  cHHTaioTca 
(JjyHKAnaMH  TeMnepaTypbi  3JieicTpoHOB.  Ilpn  pacneTC  TpaHcnopTHbix  cbohctb  cmcch 
npeanoaaraeTca,  hto  nacTOTbi  cToaKHOBeHnii  npoueccoB  c  ynacTneM  saerrpoHOB 
onpeAeaaiOTca  TeMnepaTypon  saeKTpOHOB.  TeMnepaTypa  saeKTpOHOB  HaxoAHTca  H3 
pemeHna  ypaBHeHna  nepeHoca  saeKTpoHHon  3Heprnn  c  yneTOM  TeH3opHoro  xapaKTepa 
3JieKTpOHHOH  TenaonpOBOAHOCTH,  npHTOKa  SHeprnn  ot  3JieKTpOMarHHTHoro  noaa,  ynpyrnx  n 
Heynpyrnx  noTepb.  IIocaeAHHe  BionoHaioT  b  ce6a  noTepn  Ha  noHH3aqnK)  n  AnccoqnannK)  b 
peaicnnax  saeKTpOHHbiM  yAapoM,  a  Taicace  noTepn  Ha  B036yacAeHne  KoaeSaTeabHbix  h 
SaeKTpOHHbIX  COCTOaHHH  HeHTpajIbHbIX  KOMnOHeHT.  MoAeJIb  nOJICBOH  KHHeTHKH  H  MOAeJIb 
Heynpyrnx  noTepb  Sbijih  BbinojiHeHbi  Ha  ocHOBe  pa6oT  [4-7], 

Hobmh  3(})4)eKT  HepaBHOBecHon  noHH3an;HH  ACMOHCTpnpy eTca  Ha  npnMepe  o6TeKaHHa 
naacTHHbi  c  BCTpoeHHMM  MarHHTOM,  o6ecneHHBaion],HM  b  neHTpaabHoli  30He 
nepneHAHKyaapHoe  k  noBepxHocTH  MarHHTHoe  none.  !]aace  npn  BecbMa  yMepeHHbix 
3HaneHnax  MarHHTHoii  HHAyicunn  CTeneHb  noHH3au;HH  b  30He  HaA  MaranroM  MoaceT 
AocraraTb  HecKoabKHx  npopeHTOB,  hto  Ha  asa  nopaAKa  npeBocxoAHT  HanaabHbiH  ypoBeHb. 
Taxoe  TeneHne  yace  6e3ycaoBHO  npeACTaBJiaeT  HHTepec  c  tohkh  3peHna  3([)(])eKTHBHOCTH 
Mr!]  B03AencTBHa.  Otmcthm  Taicace,  hto  BKjiaA  «(})apaAeeBCKOH»  KOMnoHeHTbi 
saeKTpHHecKoro  noaa  [UxB]  b  BeaHHHHy  npHBeaeHHoro  noaa,  OTBeTCTBeHHyio  3a 
HepaBHOBecHyio  HOHH3an;HK),  oTHocHTeabHo  HeBeanK.  Ochobhoh  BicaaA  bhocht 
«xoaaoBCKaa»  KOMnoHeHTa,  KOTOpaa  6oaee  neM  Ha  nopaAOK  Bbiine  H3-3a  cnabHoro  3(]x|)eKTa 
Xoaaa. 
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MECHANISM  OF  ION  AMBIPOLAR  DIFFUSION  WITHIN  SHOCK 
WAVE  PROPAGATING  IN  WEAKLY  IONIZED  THERMALY 

NONEQUILIBRIUM  GAS 


1.  /  .  Kolesnikov 
IPMech  RAS 

Ambipolar  diffusion  of  the  charged  particles  within  shock  wave  propagating  in  weakly 
ionized  monoatomic  gas  has  been  considered  on  the  base  of  the  diffusion  equation  coupled 
with  Stefan-Maxwell  relations  for  two-temperature  quasi-neutral  plasmas.  The  electron 
temperature  is  much  higher  than  temperature  of  heavy  particles  and  there  is  no  energy 
exchange  between  electrons  and  atoms.  Diffusion  fluxes  of  ions  and  ambipolar  electric  field 
caused  by  charge  separation  are  expressed  through  gradients  of  the  ion  mass  fraction, 
pressure,  and  gas  end  electron  temperatures. 

The  analytical  solution  for  electrophysical  structure  of  the  shock  wave  is  found  for  the 
linear  approximation  of  the  density  and  gas  temperature  profiles  within  shock  wave. 
Existance  of  the  peak  of  the  ion  fraction  at  the  shock  wave  front  observed  in  numerical 
solutions  [1,2]  is  explained  and  maximum  of  the  argon  ion  fraction  is  found  as  the  function  of 
the  Mach  number,  adiabatic  factor,  ratio  of  the  electron  and  gas  temperatures,  and  ion-atom 
charge-transfer  cross  section.  The  maximum  values  of  the  ion  fraction  and  electric  field  are 
found  to  be  in  good  agreement  with  numerical  predictions  [1,2]. 

The  effect  of  ion  ambipolar  upstream  diffusion  (ion  “pumping”)  before  the  shock  front 
is  analysed.  The  thickness  of  the  ion  precursor  and  the  ambipolar  electric  field  within  shock 
wave  and  in  long  precursor  zone  are  calculated. 

1.  Kolesnikov  A.F.  Stefan-Maxwell  Relations  for  Multicomponent  Ambipolar  Diffusion 
and  Thermal-Baro  Difffusion  Effects  in  Two-Temperature  Plasmas.  AIAA  2000-2570, 
June  2000. 

2.  Kolesnikov  A.F.  Mechanism  of  the  Ion  Baro-Thermal  Diffusion  Pumping  in  Weakly 
Ionized  Shock  Layer.  AIAA  2001-2871,  June  2001. 

MEXAHH3M  AMEHnOJIHPHOH  ^HtPOyiHM  HOHOB  B  Y^APHOH 
BOJIHE,  PACnPOCTPAHHIOIH,EHCH  B  CJIAEOHOHH30BAHHOM 
TEPMHHECKH  HEPABHOBECHOM  TA3E 

A.  <l>.  KojiecnuKoe 

HIlMex  MexaHHKH  PAH 

AMOnnojiapHaa  An<]K[)y3Ma  3apaaceHHbix  nacTuu  b  CTpyKType  y^apHOH  bojihbi, 
pacnpocTpaHaiomeHca  no  cjia6onoHH30BaHHOMy  oAHoaTOMHOMy  ra3y,  paccMaTpHBaeTca  Ha 
ocHOBe  pememra  ypaBHemia  AH(]x[)y3MH  hohob  cobmcctho  c  cooTHomeHiiaMii  CTecjiaHa  - 
MaxcBejuia  AJia  AByxTeMnepaTypHoil  KBa3HHeHTpajibHOH  nna3Mbi  npn  Hajinunn  3aAaHHoro 
3JieKTpHnecKoro  TOKa.  IIpeAnojiaraeTca,  hto  TeMnepaTypa  aneiapoHOB  MHoro  dojibine 
TeMnepaTypti  ra3a,  KOTopon  paBHa  TeMnepaTypa  hohob,  h  HeT  ynpyroro  o6MeHa  THeprnen 
MeacAy  3JieKTpOHaMH  h  HefrrpajiaMM.  FlojiyneHbi  Bbipaacemia  AJia  AH(]w[)y3HOHHoro  noTOxa 
hohob  h  aM6HnonapHoro  3JieKTpHnecKoro  nojia,  B03HHKaiomero  3a  cneT  pa3AeneHHa  3apaAOB 
b  yAapHoii  bojihc,  b  KOTOpbix  ynuTbrnaiOTca  BKJiaAti  3a  chct  rpaAHeHTOB  KOHueHTpaunn 
hohob,  AaBjieHHa  h  (J)aKTopa  TepMunecKou  HepaBHOBecHocTH  -  oTHomeHHa  TeMnepaTypbi 
ajieKTpOHOB  h  TeMnepaTypbi  ra3a. 

AHajiHTHnecKoe  pemeHHe  3aAann  06  3JieKTpo(])H3HHecKon  CTpyKType  yAapHoii  bojihm 
nojiyneHO  Ana  cjia6oHOHH30BaHHoro  ra3a  npn  JiHHeiiHOH  annpOKCHMauHH  npocJiHJieii 
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iijiothocth  h  TeMnepaTypbi  ra3a  b  y^apHOH  BOJiHe.  OdbacHeHO  noaBJieHHe  pe3Koro  nHKa 
KOHpeHTpaUHH  HOHOB  Ha  <J)pOHTe  y^apHOH  BOJiHbi,  KOTOpblH  6bIJI  nOJiyneH  B  HHCJieHHbIX 
pemeHHax  [1,  2],  h  BbiHHCJieHo  MaiccHMajibHoe  3HaueHHe  KOHpeHTpapHH  hohob  b 
3aBHCHMOCTH  ot  onpeAejnnomHx  napaMeTpOB  3a^aHH:  HHCJia  Maxa,  noxasaTejia  aAHa6aTbi, 
OTHomeHHa  TeMnepaTyp  sjieiapoHOB  h  ra3a,  TpaHcnopTHoro  ceueHHa  nepe3apaAKH  am 
CTOJIKHOBeHHH  aTOMOB  H  HOHOB.  IIOJiyHeHHbie  MaKCHMajIbHbie  3HaneHHa  KOHUeHTpaUMH 
hohob  h  aM6HnojiapHoro  sjieKTpHuecKoro  nona  xoporno  cornacyioTca  c  HHCJieHHbiMH 
pe3yjibTaTaMH  [1,2]. 

IIpoaHajiH3HpoBaH  siJxjieKT  aMSonojiapHOH  AH(J)c^y3HH  hohob  nepeA  (J)poHTOM 
y^apHOH  BOJiHbi,  T.e.  «nepeicaHKH»  3apaHceHHbix  uacTHH  H3  BHyipeHHeH  CTpyKTypbi  y^apHOH 
BOJiHbi  AaJieKo  BnepeA  nepeA  yAapHoft  bojihoh.  nojiyueHo  BbipaaceHHe  /pa  tojiiakhm  30hbi 
onepeacaiomeH  Anc|x|)y3HH  hohob.  BbiHHCJieHO  aM6nnojiapHoe  sjieKTpHuecKoe  nojie  BHyipn 
yAapHoft  BOJiHbi  h  b  30He  onepeacaiomeH  An<])c[>y3HH. 


SURFACE  BARRIER  DISCHARGE  STREAMER  AND  RELAXATION 

PHASE  MODELING  IN  AIR 

V. R.Soloviev,  V.M.Krivtsov 

Moscow  Institute  of  Physics  and  Technology,  Dolgoprudny,  Russia,  141700 

Physical  and  numerical  model  for  surface  dielectric  barrier  discharge  evolution  in 
atmospheric  air  has  been  developed.  Both  discharge  formation  and  relaxation  phases  are 
simulated  successfully  using  a  new  approach  of  non-local  air  ionization  by  electron  impact 
and  ab  initio  boundary  conditions  on  electrode  and  dielectric  surfaces.  The  discharge  is 
predicted  to  evolve  in  a  streamer  and  diffusive  form  for  positive  and  negative  exposed 
electrode  polarity  respectively.  The  obtained  results  for  streamer  or  diffusive  discharge  length 
and  surface  charge  density  agree  with  experimental  data.  Plasma  parameters  over  the  end  of 
the  discharge  formation  phase  are  quite  different  for  streamer  and  diffusive  discharge  forms 
and  provide  quite  different  starting  conditions  for  the  following  discharge  relaxation  phase.  It 
is  shown  that  discharge  relaxation  phase  primarily  contributes  to  momentum  and  heat  sources 
relevant  for  flow  control.  The  momentum  source  spatial  distribution  has  a  complex  structure 
with  regions  of  upstream  and  downstream  body  force  direction  and  qualitatively  depends  on 
applied  voltage  polarity  and  voltage  pulse  temporal  profile.  For  different  conditions  it  could 
lead  to  either  near-surface  flow  acceleration  or  vortex  generation. 

MO^EJIHPOBAHHE  CTPHMEPHOH  H  PEJIAKCAIJHOHHOH  OA3 
PA3BHTHH  nOBEPXHOCTHOTO  EAPBEPHOTO  PA3PM/1A  B 

B03^yXE 

B.P.  Cojioebee,  B.M.  Kpuaiioti 

Mockobckhh  (]>H3HKO-TexHH'iecKHH  HHCTHTyT,  ,Zfo.nronpy,HHi>m,  P®,  141700 

Pa3pa6oTaHa  c|)H3HHecKaa  h  HHCJieHHaa  moacjib  paiBHTHa  noBepxHOCTHoro 
6apbepHoro  pa3paAa  b  B03Ayxe  aTMoc(J)epHoro  AaBjieHHa.  Hcnojib3ya  npudjiH/KeHue 
HejIOKajIbHOH  HOHH3aHHH  B03Ayxa  3JieKTpOHaMH  H  C(|)OpMyjIHpOBaHHbie  H3  nepBO-npHHAHnOB 
rpaHHHHbie  ycnoBHa  Ha  noBepxHocTH  sjieKTpoAa  h  AnajieKTpHKa,  ycneimio  npoBeAeHo 
MOAejinpoBaHne,  i<ai<  t|)a3bi  (jjopMHpOBaHHn,  Tax  h  c|)a3bi  pejiaKcaunn  pa3paAa.  PacueTbi 
npeACKa3biBaioT  cTpHMepHyio  h  AH(|)(|)y3HyK)  CTpyKTypy  pa3paAa  npu,  cooTBeTCTBeHHo, 
nOJIOHCHTejIbHOH  H  OipHIiaTejIbHOH  nOJIflpHOCTH  BbICOKOBOJIbTHOrO  3JieKTpOAa.  nOJiyueHHbie 
pe3yjibTaTbi  no  AJiHHe  30hbi  pa3paAa  h  hjiothocth  3apaAa  Ha  noBepxHocTH  AnajieKTpHica 
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xoponio  coraacyiOTca  c  3KcnepHMeHTanbHbiMH  AammiMH  h  ana  CTpHMepHoii,  h  ajm 
AH(j)(J)y3HOH  (J)opMbi  pa3pfl^a.  IlapaMeTpbi  nna3Mbi  k  KOHuy  c|)a3bi  (J)opMHpOBaHHfl  pa3pa^a 
CHjibHo  pa3HHHaioTca  aji»  CTpHMepHoft  h  Anc|)4)y3Hoft  (J)opM  pa3pa^a  h  AaioT  pe3Ko 
pa3JiHHHbie  HanajibHbie  ycaoBHa  Ana  nocaeAyioineft  (J)a3bi  pejiaKcauHH.  IIoKa3aHO,  hto 
ochobhoh  BKjraA  b  Hcnojib3yeMbie  AJia  ynpaBjieHHa  noTOKOM  hctohhhkh  o6beMHoft  chubi  h 
moiahocth  AaeT  (J)a3a  pejiaKcaijHH  pa3paAa.  IIpocTpaHCTBeHHoe  pacnpeAejieHHe  oSbeMHbix 
chji  HMeeT  cao>KHyK)  cTpyKTypy  -  b  Heft  coceACTByioT  odnacTH,  rAe  CHjia  HanpaBjieHa  no 
noTOKy  h  nporaB  noTOKa.  Bha  pacnpeAeaeHHa  KanecTBeHHO  3aBHCHT  ot  noaapHOCTH 
npnaoaceHHoro  HanpaaceHHa  h  ero  BpeMeHHoro  npo^Hjia.  Pa3BHHHbie  pacnpeAeaeHHa 
o6beMHoft  CHBbi  MoryT  npHBOAHTb  Kax  k  ycKOpeHHio  npHCTeHOHHoro  noTOKa,  Tax  h  k 
o6pa30BaHHK)  B  HeM  BHXpeft. 


SIMULATIOM  OF  EXTERNAL  VOLTAGE  WAVEFORM  INFLUENCE 
ON  THE  SURFACE  DBD  PLASMA  ACTUATOR  IN  AIR 

E.A.Bogdanov,  A.A.  Kudryavtsev ,  A.L.Kuranov*,  A.A.  Savarovskiy* 

St.  Petersburg  State  University,  St.  Petersburg,  Russia,  e-mail:  akud@ak2138.spb.edu 
*Hypersonic  Systems  Research  Institute  of  the  Leninetz  Holding  Company,  St.  Petersburg,  Russia 

Surface  dielectric  barrier  discharges  (DBDs)  are  known  to  be  effective  in  aerodynamic 
control.  The  principal  effect  upon  the  flow  is  caused  by  the  downstream  force  on  the  gas.  The 
momentum  transfer  from  charged  particles  to  neutral  molecules  generates  an  Electro-Hydro- 
Dynamic  (EHD)  force  that  can  be  used  for  modification  of  the  airflow  profile  within  the 
boundary  layer  in  order  to  control  the  laminar-turbulent  transition,  reduce  the  drag,  and  re¬ 
attach  or  stabilize  the  flow.  In  the  quasi-neutral  plasma  bulk,  the  momentum  transfer  from 
positive  ions  to  neutral  molecules  is  balanced  by  the  momentum  transfer  from  electrons  (and 
negative  ions).  Therefore  any  plasma  region  is  “of  no  use”  for  actuator  purposes  and  it  is  only 
unipolar  regions  that  are  important.  So  the  main  problem  is  to  create  an  effective  non-neutral 
region  using  DBD. 

Some  complexities  encountered  during  investigation  into  DBD  actuator  models 
highlighted  in  the  research  papers  presented  at  AIAA  conferences  over  the  last  years  resulted 
in  recognition  of  their  incompleteness  and  the  necessity  for  very  labor-consuming  analysis 
that  physical  interpretation  of  full-scale  numerical  experiments  demanded.  The  rather 
interesting  results  have  been  obtained  by  J.P.Boeuf  et  al  [1]  when  considering  one  of  the  most 
complete  models: 

-  It  turned  out  that  properties  of  DBD  plasma  actuator  strongly  depend  on  the  slope  and 
polarity  of  the  applied  voltage; 

-  The  breakdown  is  characterized  by  the  large  current  pulse  when  anode  is  above  the 
dielectric  surface; 

-  The  current  consists  of  pulses  with  much  smaller  amplitude  and  higher  frequency  when 
cathode  is  positioned  above  the  surface; 

-  A  number  of  numerical  investigations  with  various  gases  (air,  pure  nitrogen,  etc.)  have 
been  conducted. 

In  this  work  we  tried  to  demonstrate  further  development  of  our  model  and  compare 
obtained  results  to  applying  negative  and  positive  ramp  voltages  of  sinusoidal  waveform 
when  the  electrode  located  above  the  dielectric  surface  was  a  cathode  or  anode. 

The  model  is  based  on  a  fluid  description  of  ions  and  neutral  species  (including 
ground-and-excited  state  molecules  and  atoms)  using  the  drift-diffusion  approximation  for 
particle  fluxes.  The  rates  of  electron  impact  reactions  and  electron  transport  coefficients  are 
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calculated  using  the  electron  energy  distribution  function  from  the  solution  of  electron 
Boltzmann  equation.  This  approach  allows  self-consistent  coupling  of  the  evolution  of 
charged  particle  densities  and  electrostatic  potential  obtained  from  the  Poisson  equation.  We 
have  used  both  models  with  Local  Field  Approximation  and  Hybrid  Models  with  electron 
temperature  Te  balance,  where  the  reaction  rate  constants  and  electron  transport  coefficients 
are  functions  of  Te,  which  is  obtained  from  separate  balance  equation.  HM  model  allows 
taking  into  account  non-local  properties  of  electron  component  of  discharge. 

The  simulation  results  appeared  very  sensitive  to  the  used  physical  model, 
plasmochemical  reaction  set,  and  external  conditions.  The  numerical  issues  were  also 
important  (such  as,  e.g.,  the  cell  size  in  computational  mesh,  particularly).  We  believe  that 
there  is  no  way  to  categorically  assert  the  uniqueness  of  mechanism  described  in  publications 
of  J.P.  Boeuf  et  al  [1],  To  clarify  the  situation,  confirm  the  results  obtained  and  get  the  new, 
realistic  ones,  further  scientific  research  and  computations  are  called  for. 

1.  Boeuf,  J.P.,  Y.  Lagmich,  Th.  Unfer,  Th.Callegari,  Pitchford,  L.C.  J.Phys.D:Appl.Phys.,  v. 
40,  p.652,  2007. 

/JHCTAHIJHOHHOE  H3MEPEHHE  TEMIIEPATyPM  Y/JAJIEHHOrO 

OEtEKTA  METO^OM  ^JIC. 

lO.A.KwuuhiH,  M.A.Eojibiuoe,  B.B.JIuzep,  B.P.MuponeHKO. 

Y 4pe>i</ieHHe  Pocchhckoh  aKa.ae.viHH  HayK  ilHCiinyT  cneKTpocKonnn  PAH, 

142190,  r.  TpoHiiK  Mockobckoh  o6ji.,  yn.  ®H3HHecKaa,  5 
C.E.  Jleonoe, A.  flpauiu’c 
OHBT  PAH,  125412,  MocKBa,  HacopcKaa  yji.,  13,  CTp.2 

C  Hcnojit30BaHHeM  a6cop6u;HOHHOH  cneKTpocKonnn  c  nepecTpauBaeMbiM  ahoahbim 
na3epOM  pa3pa6oTaHa  MeTOAHKa  ii3MepeHiia  TeMnepaTypbi  h  coAep>KaHMH  napOB  boabi  b 
HecTapHOHapHoft  30He  ropeHna.  MeTOAHKa  ocHOBaHa  Ha  H3MepeHHH  b  peacHMe 
CKaHHpOBaHHfl  jihhhh  noruomeHna  MOJieKyn  H2O:  7189.344  cm"1  (E"  =  142  cm"1),  7189.541 
cm"1  ( E "  =  1255  cm"1),  7189.715  cm"1  ( E "  =  2005  cm"1).  Bbi6op  3thx  jihhhh  o6ycjiOBneH 
3HauHTejibHOH  pa3HHii;eH  b  nojioacemiH  hhjkhhx  ypOBHeii  nepexoAOB,  hto  npHHUHnnajibHO 
BaacHo  a Jia  Bbi6paHHoft  mctoahkh  H3Mepemia  TeMnepaTypbi  o6beKTa.  EbicTpaa  nepecTpoihca 
uacTOTbi  Jia3epa  ocymecTBJiajiacb  nyreM  H3MeHemia  Toxa  HHaceKiniH.  npH  uacTOTe 
MOAynaitHH  TOKa  1  kTa,  TeMnepaType  Jia3epa  25°C  h  H3MeHeHHH  HHaceKUHOHHoro  Toxa  b 
npeAejiax  10-120  mA  nepecTpoihca  ajihhbi  bojihbi  cocTaBJiana  ~  1.2  cm"1.  BbixoAHaa 
mohjhoctb  jia3epa  npu  stom  H3MeHanacb  b  npeAenax  3-30  mBt.  Othochtcjibho  6ojibmHe 
HHTeHCHBHOCTH  HCnOJIB30BaHHBIX  JIHHHH  nOTJIOmeHHa  n03BOJIHJIH  pa6oTaTb  B  peaCHMe 
H3MepeHHa  npaMoro  norjiomeHHa.  Pa3pa6oTaHbi  AHijxliepeHHHajibHaa  cxeMa  H3MepeHHa 
HecTaqHOHapHbix  cneKTpOB,  MeTOAHKa  nepBHHHOH  o6pa6oTKH  cneKTpoB  h  nojiyneHMx 
AaHHBix  o  TeMnepaType  h  KOHqeHTpauHH  H2O  b  30HAHpyeMoft  o6jiacTH.  Ilpn  o6pa6oTKe 
Hcnojib30Bajiacb  noAroHKa  3KcnepHMeHTajibHbix  cneKTpoB  CHMynHpOBaHHbiMH  Ha  ochobc 
cneKTpocKonHuecKHx  6a3  a&hhbix.  Pa3pa6oTaHHaa  MeTOAHKa  onpo6oBaHa  Ha  npHMepe 
onpeAejieHHa  napaMeTpOB  ropeHna  boaopoahoto  TonjiHBa  b  HcnbiTaTejibHoii  cckumh 
CBepx3ByKOBoft  aapoAHHaMHuecKoft  Tpy6bi  npu  cKopocTax  ra30Bbix  noTOKOB  M=2.  /(jth 
o6nacTH  ropanero  caeAa  nnaMeHH  nojiyneHbi  cpeAHee  3a  BpeMa  ropeHHa  (~50  mc) 
TeMnepaTypa  (~1  050  K)  h  napnuajibHoe  AaBjieHue  napoB  boabi  (~21  Topp).  Xopomee 
OTHomeHHe  CHraaji/myM  nosBOJiujio  nonyuHTb  BpeMeHHyio  3aBHCHMOCTb  3thx  napaMeTpOB  c 
Bp eMeHHMM  pa3pemeHHeM  ~  1  mc.  OqeHeHHaa  tohhoctb  onpeAeaeHHa  TeMnepaTypbi 
30HAHpyeMoii  odnacTH  cocTaBJiaeT  ~  40  K. 


129 


SESSION  9.  Plasma  Kinetics  -  2 


ANALYTICAL  MODEL  OF  CUMULATION  IN  ELECTRIC  WARES  IN 

SUPERSONIC  GAS  FLOW 


Vysikailo  Ph.I. 

Technological  Institute  of  Superhard  and  Novel  Carbon  Materials, 7a  Centralnaya  Street, 

Troitsk,  Moscow  region,  142190,  Russian  Federation,  filvys@rambler.ru 

It’s  reported  about  analytical  investigations  of  cumulation  of  electric  field  and  electron’s 
density  to  the  center  of  plasma  structures  (wares).  Due  to  cumulation  model  some  strange  facts  can  be 
explained,  such  as  small  values  of  puncture  potential  to  the  length  of  wires,  rising  up  volt-ampere 
characteristic,  current  perturbations,  etc.  Normal  current  density  on  cylindrical  plasma  structures  is 
introduced. 
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B.H.  AjuJiepoBbiM  c  coaBTopaMH  6bijio  y cTaHOB neHo ,  hto  nonepeuHtiH  pa3paA  b 
CBepx3ByKOBOM  noTOKe  BH3yanbHO  npeACTaBaaeT  co6oh  Asa  npOTaaceHHbix,  CBeTHmiixca 
3jieKTpHuecKHx  niHypa  napaaaeabHbix  Apyr  Apyry  h  noToxy  ra3a  [1].  Taxaa  xapTHHa 
npoTCKaHua  Toxa  aBaaeTca  thiihhhoh  Aaa  pa3paAa  b  CBepx  h  rnnep  3ByxoBbix  noTOKax 
(pHc.l).  B  [1]  oTMeuaeTca,  hto  xaTOAHbie  h  aHOAHbie  niHypbi  aBaaioTca  cBoeo6pa3HbiMH 
naa3MeHHbiMH  ajieKTpOAaMH,  MeacAy  kotopbimh  npOTexaeT  tok.  B  [2]  coofimaaocb  06 
HCCJieAOBaHHax  3Toro  rana  pa3paAa  (pnc.  1).  B  [2]  MeacAy  njiasMCHHbiMH  aaexTpoAaMH  bhh3 
no  noToxy  ra3a  c  njioTHocTbfo  nacTHu;  ~  61018  cm'3  o6HapyaceHbi  cTpaTbi  -  peryaapHbie 
CBeTamneca  cjioh  (pnc.  1A  b).  3tot  cftaxT  AcficTBHTeabHO  AOKa3biBaeT,  hto  MeacAy 
njia3MeHHbiMn  aaexTpoAaMH  c  xapaxTepHbiM  paAHycoM  r  ~  1  mm  npoTexaeT  tok  saexTpoHOB, 
cnocofiHbix  H0HH30BaTb  uacTHUbi  ra3a,  a  o6pa30BaBmneca  hohbi  CHOcaTca  noTOKOM  ra3a, 
(JtopMHpya  cipaTbi  -  ofiaacm  cjiohctoh  KyMyjiannn  aaeKTpHHecKoro  noaa.  Ecjm 
AencTBOBaTb  b  paMxax  o6bthhoh  moacjim  h  cuiiTaTb,  hto  1  kB  paBHOMepHo  pacnpeAeaeH  no 
AJiHHe  AByx  nmypOB  (L  ~  22  cm),  hto  cooTBeTCTByeT  cpeAHeMy  EJN  ~  0,75  Ta,  to  jiothhho 
peniHTb  npofiaeMy  npoAOJTbHoro  npo6oa  b  Taxon  nocTaHOBKe  b  npiiHunne  He  B03MoacHO 
npn  peajibHbix  HarpeBax  ra3a  (H3MeHeHna  N  nan  TeMnepaTypbi  ra3a  bo  bccm  nmype 
AoaacHbi  6biTb  nopaAKa  100!).  Toubko  KyMyaaTHBHaa  MOAeab  [3],  c  MomHbiMH 
paAnajibHbiMH  noaaMH  n  ManbiMH  npOAoabHbiMH  noaaMH  b  acane  nan  npOBOaoxe  (pnc.l  B), 
B03BpamaeT  3KcnepnMeHTbi  [2],  npeACTaBaeHHbie  Ha  pnc.  1A,  H3  ofiaacm  (JtaHTacTHKH  b 
o6aacTb  peaabHbix,  KyMyaaTHBHbix,  caMOCoraacoBaHHbix  aBaeHHii.  OneHMTb  paAnaabHyio 
HanpaaceHHOCTb  aaexTpHHecxoro  noaa  Er  b  xyMyaaTHBHoft  CTpyKType  MoacHO  rpy6o  H3 
OTHOineHHa  paAnyca  ccjiopMHpOBaHHoro  aaexTpHHecKoro  niHypa,  k  noaHOMy  3HaHeHHio 
npnaoaceHHoro  k  aaexTpoAaM  noTemtnaaa  (3a  bbihctom  xaTOAHoro  naAeHna  ~  700  B):  Utr  = 
Er  =  103B/0,1cm  =  104  B/cm.  npn  naoTHOCTH  N  ~  6-1018cm'3  noaynaeM  EJN  ~  167  Ta. 
IIoayHeHHoe  3HaneHHe  npeBbimaeT  npo6oftHoe  3HaneHne  aaexTpHHecxoro  noaa  a Aa 
B03Ayxa  (~  70  Ta)  6oaee  neM  b  ABa  pa3a.  OqeHKH  xapaKTepHbix  pa3MepoB  aM6nnoaapHbix 
AH(J)t|)y3HH  npn  ycaoBHax  axcnepHMeHTOB  [2],  b  KOTOpbix  naoraocTb  nncaa  nacTHu; 

1  O  O 

HenTpaabHoro  ra3a  N  ~  6T0  cm'  noKa3aan,  hto  xapaKTepHbie  abhhbi  aM6nnoaapHbix 
AaBaeHHH  LQottkh  h  AH<j)(|>y3HH,  o6ycaoBaeHHbix  HHepijHOHHocTbK)  3apaaceHHbix  nacTim  He 
npeBoexoABT  10'  mm  h  He  MoryT  onpeAeaaTb  xapaierepHbie  pa3Mepbi  aaexTpHHecKHx 
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HiHypOB  c  pa^nycaMH  nopanxa  1mm.  EjiHHCTBeHHbiM  aM6HnojiapHbiM  ^Hc|)c|)y3HOHHbiM 

npoueccoM,  cnocoSHbiM  KOHTpojiHpOBaTb  (orpaHHHHBaTb)  HeorpaHHHeHHyio  xyMyaamiio 

ajieKTpoHOB,  aBjiaeTca  AHcJxjiyaHa  IlyaccoHa  [4],  flaa  opeHXH  xapaKTepHoro  pa3Mepa 

H3MeHeHHa  HanpaaceHHocTH  pa^HajibHoro  3JieKTpHttecKoro  nojia  h  MoacHo  Bocnojib30BaTbca 

BbipaaceHHeM:  /e[cm]  =  E/4naene  =  7,3' 1  05(E/N\Jjx] )l(nJN).  CorjiacoBaTb  pe3yjibTaTbi 

aHajiHTHHecKHx  pacneTOB  c  sxcnepHMeHTanbHbiMH  Ha6jno,zjeHHaMH  yzjaeTca  npn 

11  3 

KOHpeHTpapHH  3JieKTpOHOB  ~10  CM'  . 

B  paMKax  KyMyaaTHBHOH  mohcjih  b  [2,  3]  TeoperaHecxH  noxa3aHa  B03M0acH0CTb 
BBe^eHna  noHaTHa  HopMajibHoft  naoTHocTH  3HeproMaccoBOHMnyjibCHoro  noToxa  Ha 
BH3yajiH3HpOBaBHiyK>ca  noBepxHOCTb  jho6oh  K^-CTpyKTypbi.  Ha6jnojiaeMbie  b  [2]  nmypbi 
aBjiaTOTca  TaKHMH  (KyMyaaTHBHbiMH)  CTpyKTypaMH  (pnc.  1A  h  Phc.  IB).  SaexTpHHecxHe 
niHypbi,  aBJiaeTca  yzjoSHOH  cjiopMOH  MOflejiHpOBaHHa  xax  xaTO^o-,  Tax  h 
aHOAOHanpaBjieHHbix  mojihhh,  pe30HaHC0B  h  oco6eHHocTeft  hhbix  B3aHMo^eftcTBHH  Meayjy 
PHBHHApHHeCXHMH  naa3MOHflaMH  (3JieXTpHHeCXHMH  HIHypaMH).  npHXaTOflHbie  H 
npHaHo^Hbie  mojihhh  oSjia/iaioT  pa^oM  oTjTHHHTejibHbTx  cbohctb.  3th  pa3JTHHHa 
oSHapyaceHbi  axcnepHMeHTajibHO  yace  jiaBHO  h  nojipo6HO  onncaHM  b  [2],  B  hbcthocth 
tojibxo  mojihhh  H3  OTpnqaTejrbHO  3apaaceHHbix  o6jiaxoB  MoryT  ^BHraTbca  b  HMnyjTbCHO- 
nepHO^HHecxoM  peacHMe.  3th  paiJiHina  b  CBOHCTBax  Tax  h  ocTajincb  «3arajiOHHbiMH»  juia 
xjraccHHecxoH  (J)H3hxh  ra30Boro  pa3pa,a;a,  He  yHHTbiBaiomeH  oco6eHHocTeft  xyMyaaraBHoro 
(JiopMHpOBaHHa  bbicoxo  npoBOjiaiHHX,  HHTeHCHBHO  HSJiynaioiHHX  nyaxH  3JiexTpoHOB 
njia3MeHHbTx  jthh3.  3th  oco6eHHocTH  oScyayjaioTca  b  ashhoh  pa6oTe.  3HaHHe  3HaneHHH 
HopMajibHoft  naoTHOCTH  Toxa  Ha  xaTOHOHanpaBJieHHbie  h  aHOjiOHanpaBJieHHbie  mojihhh  -yN 
MoaceT  oxa3aTbca  nojie3HbiM  npn  npoBe^eHHH  oueHox  nojiHoro  Toxa  mojihhh  npn 
(JiHKcnpoBaHHH  hx  xapaxTepHbix  pa3MepOB  I  =  2k  }'m  L  /n,  rjie  -  xapaxTepHbift  pajinyc 
mojihhh,  L  -  ee  junma.  llocKOJibxy  ^naMeTpbi  ajiexTpHHecxnx  HiHypoB  h  hx  ajihhbi  3a 
xaTOjiOM  h  aHOflOM  6jih3kh,  to  3to  CBHfleTejibCTByeT,  hto  no^oSHO  cjiynaio  b  Heno^BHacHOM 
ra3e,  3HaneHHa  HopMajibHon  hjiothocth  Toxa  Ha  npnaHOAHbie  h  npHxaTOAHbie  cTpyxTypbi 
/n,  nrpaioiHHe  pojib  npHxaTO^HOH  h  npnaHOjiHOH  oSjiacTH,  paBHbi  [2],  T.e.  HOpMaabHbie 
naoTHOCTH  Toxa  Ha  npHaHO^Hyio  -jm  h  npHxaTO^Hyio  -j‘nc  HHjiHHApHHecxyio  CTpyxTypbi  b 
CBepx3ByxoBOM  noTOxe  coBna^aiOT ,/Na  =./nc  =/n  [2]. 


A  B  B 


Puc.  1A.  BHeumuu  eud  pa3pnda  nocmommoeo  moKa  [2],  Karnod  (3a3eMJien)  -  enmy,  e  aspodimaMunecKou 
mpyde  npu  M  =  6,  Po=  50amM,  P  =28Top,  D0  =3mm  u  npu  pa3nuHHbix  3HcmeHUHX  moKa  I  u  HanpMDfcenuu  U  (a- 
e):  a)  -I  =  OJA,  <U>=  2.45kB;  6)  -  OJA,  <U>=  1.95kB;  e)  —  1  A,  <U>  =  1.  7kB.  BpeMH  SKcnosuijuu  l/60c. 
Puc .  IE.  CxeMa  SKcnepuMenma  1)  -  oOnacmb  ompui^amejibHoeo  ceenemiH,  MacKupywipan  Kamodnyw  ruieuKy; 
2)  -  0TII;  3)  -  cmodHbiu  u  Kamodnbiu  umypu;  4)  -  odmeKamenu  sjieKmpodoe. 

Puc.  IB.  CxeMa  (poKycupoeKu  sneKinponoe  e  KyMymmuenbie  cmpyu  e  sjieKmpunecKux  umypax. 

B  ^aHHoii  pa6oTe  b  pa3JiHHHBix  npeAnono^emnix  npOBe^eHti  oilmen  xapaicrepHBix 
pa3MepOB  3JieKTpHHecKHx  nmypOB,  nojiyneHHBie  pe3yjiBTaTBi  cpaBHHBaiOTOi  c 
3KCnepHMeHTaJIBHBIMH  Ha6jIK)AeHH5IMH  B  [2].  IIOKa3aHO,  HTO  no  Mepe  pa3BHTH^ 
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KyMyjiflTHBHO-flHCCHnaTHBHOH  cipyKTypbi  xapaKTepHbra  pa3Mep  pa^nyca  3JieKTpHuecKoro 
nmypa  b  CTauHOHapHOM  cjiyuae  MoaceT  cymecTBeHHO  HSMemiTbca  ot  pa^nyca, 
onpe^enaeMoro  /e  ao  pa^nyca  rv  ~  V\N\,  onpe^enaeMoro  CKopocTbio  Apefic^a  hohob  h 
nacTOTOH  poac^eHMa  nonoacHTejibHbix  hohob. 

CorjiacHo  KyMyjxaTHBHOH  Mo^ejiH  mo>kho  oqeHHTb  MoiHHocTb  oHeproBKaa^a  b 
ojieKTpHHecKHX  niHypax  b  cm"3:  W  =  j^-E  =  5*  1 0“2- 1 0  4  =  500  Bt-cm"3.  Mom,HOCTb  npaMoro 
HarpeBa  ra3a  cootbctctbchho  pa3  b  naTb^ecaT  MeHbrne.  BpeMa  npe6biBaHHa  ra3a  b  niHype 
paBHO  -2-10"  c.  3HeproBKJia,a  b  Tenao  cootbctctbchho  paBeH  2’ 10"  ^ac/cM  .  npn  tbkhx 
3HeproBKjiaAax  HarpeB  ra3a  b  ajieiapHHecKOM  uiHype  He  npeBbimaeT  20°  C,  hto  b  Tbicauy 
pa3  MeHbrne  hcoOxo^hmoto  pjia  npo^ojibHoro  npo6oa  20  cm  othhbi  ajieKTpHuecKoro  HiHypa 
aaeKTpHHecKHM  noTCHpHaaoM  b  1  kB. 
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SHOCK  WAVE  PROPAGATION  ALONG  THE  PULSE  IONIZED 

SURFACE  AREA 
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In  this  work  experimental  investigations  of  the  shock  wave  propagation  along  the 
ionized  solid  surface  were  performed.  Uniform  pulse  ionization  of  the  surface  area  was 
organized  with  the  help  of  the  transversal  distributed  high-current  discharge  (plasma  sheet). 

The  relaxation  of  the  exited  gas  layer,  which  was  formed  in  the  non-equilibrium 
discharge  plasma  (including  heterogenic  relaxation),  results  in  the  gradients  of  thermal 
physical  parameters  near  the  surface.  During  the  shock  wave  propagation  in  relaxation  zone, 
its  structure,  form,  velocity  had  been  changed.  The  flow  behind  the  shock  wave  front  in 
boundary  layer  increasing  area  became  essentially  inhomogeneous. 


The  flow  evolution  analysis  allows: 

1.  To  investigate  the  thermal  and  relaxation  (heterogenic)  processes  in  discharge  zone  in  wide 
range  of  parameters; 

2.  To  analyze  the  shock  wave  structure  and  structure  of  the  flow  behind  it  after  interaction 
with  decaying  near-surface  plasma  and  heating  surface. 
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Interaction  of  the  flow  with  shock  wave  with  thermal  layer  of  decaying  plasma  was 
investigated  with  shadowgraph  technique.  Observations  of  the  shock  wave  propagation 
revealed,  that  shock  wave  form  and  velocity  was  modified,  and  the  flow  behind  the  shock 
wave  became  heterogeneous  and  turbulent  (Fig.  1).  Shadowgraph  investigations  of  shock 
wave  interaction  dynamic  with  relaxation  heterogeneous  zone  were  performed  at  wide  range 
of  time  t=30-500ps  and  shock  wave  Mach  numbers  M-1,5-3. 


^BIDKEHHE  IIJIOCKOH  V^APHOH  BOJIHbl  B^OJIb 
nOBEPXHOCTH  IIOCJIE  HMIiyJIbCHOH  O^HOPOAHOH 
HOHH3AIJHH HPHnOBEPXHOCTHOH  OEJIACTH. 

hiUMencKUH  H.A.,  Kupuuydu  A.C.,  Opnoe  ff.M.,  Cbicoee  H.H. 

Mry,  (f>Mr3M4eCKMH  (j)-T. 

OKcnepnMeHTajibHo  nccne^yeTca  ^BHacemie  njiocKoft  y,qapHoft  bojihbi  b^ojib  TBepAoft 
noBepxHOCTH  nocjie  HMnyjiBCHoft  o^Hopo^Hoii  HOHUiaunn  npnnoBepxHOCTHOH  o6nacTH  Ha 
ocHOBe  nonepeuHoro  pacnpe,nejieHHoro  chjibhotohhoto  pa3p>ma  (njia3MeHHoro  jiHCTa). 
PejiaKcauna  B036y>K^eHHbix  coctobhhh  b  HepaBHOBecHoft  nna3Me  nocne  pa3pa^a,  b  tom 
HHCJie,  reTeporeHHaa  penaKcapna,  npiiBo^aT  k  B03HHKH0BeHHK>  rpa^neHTOB 
Tenjio(j)H3HHecKHx  napaMeTpOB  b6jih3h  noBepxHOCTH.  IIpH  jiBii'Meumi  yzjapHoft  bojihbi  b  30He 
peuaKcaquu  cTpyKTypa,  (JiopMa,  cxopocTb  yqapHoft  bojihbi  MemnoTca,  TeueHue  3a  (Jjpohtom  b 
30He  HapacTaHHa  norpaHHHHoro  cjioa  CTaHOBHTca  cymecTBeHHO  Heo^HOpo^HBiM. 

AHajTH3  3BOJHOHHH  TeueHua  n03B0JiaeT 

1 .  HCcae^OBaTB  TenaoBBie  h  pejiaKcauHOHHBie,  reTeporeHHBie  npoueccBi  b  o6jiacTH  pa3pa^a 
b  mnpoKOM  Anana30He  napaMeTpoB; 

2.  npoaHajiH3HpOBaTB  CTpyKTypy  yzjapHoft  bojihbi  h  TeieHua  3a  Heft  npn  BiaHMO^eftcTBHH  c 
pacna^aioipeftca  npHnoBepxHocTHoft  njra3Moft  h  HarpeBaiomeftca  noBepxHocTBio. 

IfccjiejiyiOTca  tchcbbim  mcto/iom  CTpyKTypa  yzjapHoft  bojihbi  h  TeueHHa  3a  Heft  npn 
B3aHMOAeftcTBHH  c  pacna^aioiHeftca  npHnoBepxHocTHoft  njia3Moft  h  HarpeBaiomeftca 
noBepxHocTBio.  npn  jjBHyKCHHH  yzjapHoft  bojihbi  b  30He  noBepxHOCTHoro  pa3pa^a  CTpyKTypa, 
(JiopMa,  CKopocTB  yqapHoft  bojthbi  MeHaioTca,  TeueHue  3a  (Jjpohtom  b  30He  HapacTaHHa 
norpaHHHHoro  caoa  CTaHOBHTca  cymecTBeHHO  HeonHopo^HBiM,  Typ6yjiH3yeTca  (Phc.1). 
IIpoBe^eHBi  TeHeBBie  Hccae^oBaHHa  nHHaMHuecKoro  npouecca  B3auMOAeftcTBua  yzjapHoft 
bojihbi  c  peaaKCHpyiomeft  HepaBHOBecHoft  30Hoft  pa3pa^a  b  HHTepBajie  BpeMeH  t=30-500MKc; 
HucejT  Maxa  naocKoft  yqapHoft  bojihbi  M-1,5-3. 


INVESTIGATION  OF  MECHANISMS  OF  IONIZATION  AND  ENERGY 
INTERCHANGE  IN  NON-EQUILIBRIUM  ARGON  PLASMA  BEHIND  A 

SHOCK  WAVE 

I  ./.  Yakovlev,  T.A.  Korotaeva 

IT  AM  SB  RAS,  Novosibirsk,  Russia,  630090,  vakovlvi@,itam.nsc.ru 

Investigation  of  specific  plasma  mechanisms  [1-3],  conditions  of  their  significant 
influence  on  the  shock  wave  structures  and  supersonic  flows  is  of  current  interest  in  the  field 
of  plasma  aerodynamics.  Numerous  experiments  on  gas-discharge  plasma  have  not  given 
results,  which  permit  to  understand  the  mechanisms  unambiguously  because  of  non¬ 
uniformity  of  the  gas-discharge  plasma  and  unavoidable  significant  ‘heating’  effect.  That  is 
why  any  existing  supposition  or  hypothesis  has  not  had  direct  and  tenable  experimental  proofs 
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that  would  be  sufficient  for  development  of  the  adequate  modeling.  Investigation  of  more 
intensive  shock  waves  in  the  gas  ionized  as  a  result  of  precursor  radiation  absorption  is  an 
alternative  way  to  study  of  the  weak  shock  wave  propagation  in  the  gas  -  discharge  plasma.  It 
should  be  noted  that  such  kind  of  tests  should  be  carried  out  in  the  specific  range  of 
parameters,  in  which  thermal  effect  caused  by  the  heating  of  the  channel  walls  and  adjacent 
gas  layer  is  negligible. 

The  purpose  of  the  work  is  to  investigate  experimentally  and  theoretically  the 
interdependence  between  plasma  and  fluid  dynamic  processes  behind  a  shock  wave  in  argon 
at  parameters:  Mach  number  M=10-13,  pressure  ahead  of  the  shock  wave  front  p=  1-10  Torn 
As  it  has  been  established  at  computational  modeling  [4],  the  ‘heating’  effect  has  local 
character  at  these  parameters,  and  does  not  disturb  ID  gas  flow  behind  the  shock  wave  front. 
Furthermore  it  has  been  shown  [3]  that  the  acoustic  activity  of  the  non-equilibrium  plasma 
may  cause  the  shock  wave  instability  in  this  range  of  parameters. 

An  approach  to  investigate  the  flow  structure  behind  the  ionizing  shock  waves  is 
based  on  the  comparative  analysis  of  the  measured  and  computed  distributions  of  the  electron 
source  Se  that  characterizes  the  avalanche  ionization  rate.  It  has  been  found  that  measured 
distributions  have  local  higher  gradients  of  this  kinetic  parameter  in  comparison  to  computed 
ones  having  smooth  changing  of  the  value  in  the  entire  area  of  the  avalanche  ionization. 
Besides,  in  the  most  tests,  maximum  ‘peak’  values  of  the  electron  source  are  higher  than 
computed  ones.  Analyzing  the  energy  balance  of  the  particles  in  plasma  with  taking  into 
account  the  results  obtained,  one  can  conclude  that,  even  in  the  cases  of  outwardly  steady 
modes,  there  are  small  dynamic  disturbances,  for  instance  temperature  disturbances,  between 
the  shock  wave  front  and  avalanche  ionization  area.  Tests  have  shown  that  significant 
amplification  of  the  disturbances  takes  place  at  p i=5  Torr,  and  M<1 0.5- 10.7.  The 
phenomenon  has  the  pronounced  threshold  character.  Hence,  formation  of  disturbances  and 
possibility  of  their  amplification  are  fundamentally  determined  by  presence  of  the  non¬ 
equilibrium  plasma  behind  the  shock  wave  front. 

That  is  in  the  qualitative  agreement  with  the  conclusions  of  the  theoretical  research. 
Interaction  between  entropy  disturbance  and  relaxation  zone  is  assumed  to  be  an  ‘element’  of 
the  mechanism,  which  causes  the  shock  wave  structure  instability  [5],  Amplification  of  the 
sonic  disturbances,  as  well  as  entropy  disturbances  induced  by  sonic  ones,  is  possible  when 
extent  of  the  non-equilibrium  zone  is  large  enough.  Computations  [3]  have  resulted  in  that 
that  acoustic  activity  of  non-equilibrium  plasma  causes  spontaneous  emission  of  sound  (as 
well  as  entropy  and  vortex  disturbances)  generated  by  the  shock  wave  front  under  specific 
conditions.  At  the  same  time,  experimental  results  and  estimations  carried  out  lead  to  the 
conclusion  that  existing  theoretical  models  need  to  be  corrected  in  order  to  take  into  account 
possibility  of  formation  of  an  additional  energy  current  to  the  electrons.  Among  other 
processes,  collision  mechanisms  involving  excited  atoms  (associative  ionization)  can  result  in 
deterioration  of  the  energetic  interrelation  between  subsystems  of  electrons  and  heavy 
particles  when  concentration  of  exited  atoms  is  increasing.  As  a  consequence,  disturbances 
can  be  amplified  in  the  relaxation  zone  behind  the  shock  wave  front. 

Thus,  experimental  data  obtained  can  be  used  for  development  of  the  existing 
theoretical  approaches  and  correction  of  the  models  with  the  aim  to  study  acoustic  properties 
of  the  weakly  ionized  medium,  as  well  as  the  influence  of  the  small  disturbances  on  the  shock 
wave  formation  and  stability.  Further  development  of  the  research  in  this  direction  will  permit 
to  advance  in  solution  of  the  fundamental  problem,  such  as  definition  of  the  conditions 
providing  the  most  effective  influence  of  the  plasma  mechanisms  on  the  structure  of  the  gas- 
plasma  flows. 
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HCCJIE^OBAHHE  MEXAHH3MOB  HOHH3AIJHH  H 
3HEPrOOBMEHA  B  HEPABHOBECHOH IIJIA3ME  APrOHA  3A 

y/JAPHOH  BOJIHOH 

B.  H.  RKoenee ,  T.A.  Kopomaeea 
HTIIM  CO  PAH,  Hoboch6hpck,  Poccha,  630090 

B  Hacroamee  BpeMa  b  oSnacTu  njia3MeHHOH  aopo^HHaMHKH  o^hoh  H3  aKTyajibHtix 
3a^au  aBJiaeTca  nccjie^OBaHHe  ponn  cnenncftHHHbix  njiaiMeHHBix  MexaHH3MOB  [1-3],  ycjiOBHii 
hx  cymecTBeHHoro  BjiuaHua  Ha  CTpyiaypy  y^apHbix  bojih  (YB)  h  CBepx3ByKOBbix  TeneHHH. 
B  MHorouHCJieHHbix  SKcnepHMeHTax  c  ucnojitsoBaHneM  ra3opa3pa^Hoii  njia3Mbi  BCJieflCTBne 
HeoAHopoAHOCTH  ee  cTpyKTypti  He  yqajiocB  nonyuHTt  o^H03HauHBie  pe3yjn>TaTbi  06  sthx 
MexaHH3Max  Ha  <|)OHe  HeH36eacHoro  h  3HanHTejiBHoro  «TennoBoro»  acJxjieKTa.  riosTOMy 
HMeiomneca  npe^noiioaceHHa,  rHnoTe3bi  o  HeTenjioBBix  MexaHH3Max  He  nojiyunjin  npaMBix  h 
y6eflHTejibHbix  OKcnepiiMeHTajiBHBix  .qoKaaaTejiBCTB  b  o6beMe,  hco6xo/ihmom  ^jia 
pa3pa6oTKH  a^eKBaTHbix  pacueTHtix  MOAenen.  AjibTepHaTHBHbiM  HanpaBjieHHeM 
HCCJieflOBaHHH  cjia6bix  YB  b  rasopaspa^HOH  nna3Me  aBJiaiOTca  HCcne^OBaHHa  6onee 
HHTeHCHBHBix  y^apHbix  bojih  b  ra3e,  KOToptift  HOHH3yeTca  BCjrejjcTBue  norjiomeHHa 
onepexcaiomero  HiJiyueHua.  IIpHueM  Taicne  aiccnepHMeHTBi  AOJiacHbi  ocymecTBJiaTbca  b 
onpeAejieHHOM  ^nana30He  napaMeTpoB,  b  kotopom  TenjioBoft  3<jx])eKT,  BBi3BaHHBift 
nporpeBOM  ctchok  h  npHJieraiomHx  cnoeB  ra3a,  aBJiaeTca  HeiHauHTejitHbiM. 

I  le.n,  aaimoii  padon.i  -  oicciiepiiMeinaabiio-pacMCTiioe  iiccaeaoBaime  BiaiiMOCisHiii 
njia3MeHHbix  u  raioaimaMimeckaix  npoueccoB  3a  <|)pohtom  uoHH3yiomHx  YB  b  aproHe  b  padoaeM 
aiianaaoiie  napaMeTpoB  (M=10-13,  aaisaeime  nepea  (jipomoM  p  1—10  Top).  Kaic  yciaiioisaeiio  b 
pacueTHOM  nccaeaoBamm  [4],  b  3thx  ycaoBimx  TenjioBoii  3(})(])eKT  HMeeT  jioicajibHbiH  xapaicrep  h 
npaKTHuecKH  He  Baimer  Ha  oaiioMcpmaii  xapaxicp  reaemiH  HOHH30BaHHoro  ra3a  3a  (|)poHTOM  YB. 
KpoMe  Toro,  b  pa6oTe  [3]  noxasaHo,  mio  axycTHuecKaa  aKTHBHOCTb  HepaBHOBecHOH  njia3Mbi  3a 
yaap m,i m  (|)pomo\i  mo>kct  6biTb  iipnaiiiioii  iieycioiiaiiBOcni  yaapmax  bojih  b  3toh  odaacm 
napaMeTpoB. 

J\jik  HCcne^OBaHHa  CTpyKTypbi  TeneHua  3a  cjjpOHTOM  HOHH3yK>mHX  yzjapHbix  bojih 
Hcnojib30BaH  noAxoA,  ocHOBaHHBin  Ha  cpaBHHTejibHOM  aHajiH3e  H3MepeHHbix  h  pacneraBix 
pacnpejjejieHHH  bcjihhhhbi  HCTOHHHKa  ajieKTpOHOB  Se,  xapaKTepH3yioin;ero  ckopoctb 
JiaBHHHOH  HOHH3an:HH  3a  yUapHblM  (JjpOHTOM.  B  3KCnepHMeHTaX  yCTaHOBJieHO,  hto 
H3MepeHHbie  pacnpejiejieHMx  xapaKTeproyiOTca  6ojiee  chjibhbimh  jioicajibHBiMH  rpajmeHTaMH 
3Toro  KHHeTHuecKoro  napaMeTpa  no  cpaBHeHHio  c  pacneTHBiM  njiaBHBiM  H3MeHeHHeM  no 
Bceii  npOTAJKeHHOCTH  oGjiacra  jiaBHHHoii  HOHH3an;HH.  KpoMe  Toro,  b  6ojibmoii  nacra 
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3KcnepHMeHTOB  MaKCHManbHbie  «nHKOBbie»  3HaneHHfl  HCTOHHHxa  ajiexTpOHOB  npeBbimaiOT 
hx  pacneTHbie  3HaneHHa.  AHanH3  3HepreTHHecxoro  6anaHca  nacTuu  b  njia3Me  c  yneTOM 
nojiyneHHbix  pe3yjibTaTOB  no3BOJiaeT  c^ejiaTb  bbtboa,  hto  yace  bo  BHeniHe  y ctohhhbbix 
peacHMax  TeHemni  Meac^y  <j)pOHTOM  YB  h  o6jiacTbio  jiaBHHHOH  HOHH3au;HH  hmciotch  cjia6bie 
ra30^HHaMHHecKHe,  b  hucthocth,  TeMnepaTypHbie  B03MymeHHa  cpeAti.  3xcnepHMeHTajibHo 
ycTaHOBJieHO,  hto  hx  cymecTBeHHoe  ycHHemie  npoHcxo^HT  npn  p\=5  Top  h  M<10,5-10,7, 
npHHeM  3to  aBjieHHe  HMeeT  apxo  BbipaaceHHbiH  noporoBbift  xapaxTep.  CjieAOBaTejibHo, 
(J)OpMHpOBaHHe  B03MyH],eHHH  H  B03M0aCH0CTb  HX  yCHJieHHH  npHHHHnHajlbHO  oSyCJIOBJieHbl 
HajIHHHeM  HepaBHOBeCHOH  njia3MbI  3a  (})pOHTOM  y^apHOH  BOJIHbl. 

3to  KanecTBeHHO  cooTBeTCTByeT  o6uihm  BbiBO^aM  Teop cthh ecKHx  HCCJie^OBaHHH.  B 
pa6oTe  [5]  b  xanecTBe  «3JieMeHTa»  MexaHH3Ma  HeycTOHHHBocTH  cTpyKTypbi  YB 
npe^nojiaraeTca  BsaHMoneHCTBue  aHTponHimoro  B03Mym,eHHa  c  pejiaxcauHOHHoii  30hoh. 
IIpH  AOCTaTOHHO  60JIbHI0H  npOTaaceHHOCTH  HepaBHOBeCHOH  30HbI  B03M0aCH0  yCHJTeHHe  KaK 
3HiponHHHbix,  Tax  h  nopojxflaiomHx  hx  3ByKOBbix  B03Mym;eHHH.  B  pa6oTe  [3]  noKa3aHO,  hto 
npn  onpe^eaeHHbix  ycaoBHax  cnoHTaHHaa  3MHccna  3Byxa  (Taxace  3HTponHHHbix  h  BHxpeBbix 
B03MymeHHH)  ([jpOHTOM  yZjapHOH  BOJIHbl  06yCJI0BJieHbI  axyCTHHeCXOH  aXTHBHOCTbK) 
HepaBHOBeCHOH  njia3Mbi.  B  to  ace  BpeMa  pe3yjibTaTbi  axcnepHMeHTOB  h  npoBe,neHHbie 
ou;eHXH  npHBOflaT  x  BbiBO^y,  hto  HMeiomneca  TeopeTHnecxHe  mojicjih  TpedyiOT 
onpe^ejieHHOH  xoppexTHpoBxn,  ynHTbiBaiomeH  B03MoacHocTb  (J)opMHpoBaHHa 
flonoaHHTejibHoro  noTOxa  3HeprHH  3JiexTpOHaM.  B  nacTHOCTH,  MexaHH3M  ctojixhobchhh  c 
ynacTHeM  B036yac,n:eHHbix  aTOMOB  (accopnaTHBHaa  HOHH3au:Ha)  npn  onpe^eaeHHbix 
yCJIOBHHX  B  o6jiaCTH  JiaBHHHOH  HOHH3aiTHH  MOaceT  npHBeCTH  X  HapymeHHIO  OTpHpaTejIbHOH 
o6paTHoft  CB33H  Meac,ny  no^cHCTeMaMH  ajiexTpoHOB  h  Taaceabix  nacTHH.  Cae^cTBHeM  stoto 
MoaceT  6bitb  ycnjieHHe  B03MymeHHH  b  pejiaxcauHOHHOH  30He  3a  (JtpOHTOM  YB. 

TaxHM  o6pa30M,  nojiynemibie  axcnepHMeHTajibHbie  .qamibie  MoryT  6biTb 
Hcnojib30BaHbi  jiJia  pa3BHTHa  Hcnojib3yeMbix  TeopeTHnecxHX  nojixojiOB  h  yTOHHeHHa 
MOAejieii  c  Heabio  H3yneHHa  axycTHHecxHx  cbohctb  cjia60H0HH30BaHH0H  cpeAti,  BjinaHHa 
CJia6bIX  B03MyiI],eHHH  Ha  fjlOpMHpOBaHHe  CTpyXTypbl  H  yCTOHHHBOCTb  HOHH3yiOHl,HX  YB. 
,Il,ajibHeHHiee  pa3BHTHe  Hccae^oBaHHH  b  stom  HanpaBjieHHH  no3BOJTHT  npo^BHHyTbca  b 
pemeHHH  o6ih;hx  BonpocoB  06  ycjiOBHax,  npn  xoTOpbix  B03M0acH0  3(JxliexTHBHoe  BJinaHHe 
njia3MeHHbix  MexaHH3MOB  Ha  CTpyxTypy  ra3onjia3MeHHbix  TeneHHH. 


MODIFICATION  OF  A  SINGLE  VORTEX  DUE  TO  LOCAL 
EXCITATION  OF  AN  INTERNAL  DEGREE  OF  FREEDOM 

N.A.  Vinnichenko,  A.  V.  Uvarov,  A.I.  Osipov 
M.  V.  Lomonosov  Moscow  State  University,  Faculty  of  Physics,  Molecular  Physics  Chair 

nickvinn@vandex.ru 

Interaction  of  vortical  structures  with  energy  release,  including  energy  release  from 
internal  degrees  of  freedom,  is  interesting  for  various  engineering  applications:  turbulent 
flows  in  gas-dynamic  lasers,  plasma  flow  control  near  the  wing  of  an  aircraft,  combustion 
optimization  inside  combustion  chambers  of  jet  engines  and  swirl  burners.  Also,  there  is  a 
meteorological  problem  of  tropical  cyclone  intensification  leading  to  formation  of  a  hurricane 
and  associated  with  interaction  of  the  vortex  with  energy  release  from  condensation  in 
ascending  flow.  All  these  problems  require  a  concrete  answer  to  the  fundamental  question: 
how  the  parameters  of  a  vortex  are  affected  by  a  local  energy  release.  This  paper  is  an  attempt 
to  give  a  rigorous  answer  to  that  question. 

The  problem  being  considered  is  modification  of  a  single  columnar  vortex  parameters 
due  to  increase  of  energy  deposited  in  an  internal  degree  of  freedom  in  a  circular  spot  which 
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can  be  either  concentric  with  initial  vortex  (axisymmetric  case)  or  not  (nonaxisymmetric 
case).  The  fluid  model  includes  Navier-Stokes  equations  for  compressible  fluid  with  one 
additional  equation  of  relaxation  of  energy  of  the  internal  degree  of  freedom.  It  is  shown  by 
numerical  simulation  that  relaxation  of  initial  excitation  results  in  formation  of  a  wave,  which 
takes  away  some  mass  from  the  excitation  region.  In  nonaxisymmetric  case,  propagation  of 
the  wave  is  followed  by  falling  of  the  spiral-shaped  hot  spot  towards  the  vortex  centre. 
Anyway,  the  vortex  is  transformed  into  a  new  axisymmetric  state  having  light  hot  core  and 
azimuthal  velocity  profde,  which  is  slightly  changed.  For  axisymmetric  excitation  in  limits  of 
slow  and  quick  relaxation  analytical  solutions  are  derived  describing  the  process  of  vortex 
evolution.  Situation,  in  which  part  of  the  energy  is  directly  transformed  into  heat  and  the 
remaining  part  is  slowly  relaxating  via  internal  degree  of  freedom,  is  also  considered.  It  is 
shown  that  in  the  case  of  finite  length  of  excitation  region  along  the  vortex  axis  a  secondary 
flow  arises  after  the  wave  which  results  in  eventual  increase  of  vortex  azimuthal  velocity  due 
to  energy  release.  Also,  initiation  of  Rayleigh-Taylor  instability  of  the  vortex  using  periodic 
energy  pumping  into  internal  degree  of  freedom  in  annular  region  is  considered.  It  is  shown 
that  the  development  of  dominating  instability  mode  with  azimuthal  wave  number  m  =  2 
results  in  transformation  of  the  vortex  into  an  elliptic  one,  with  two  spiral  arms. 

The  existence  of  conserving  quantities  in  vortex  dynamics  in  nonequilibrium  medium 
is  also  discussed.  An  approach  is  proposed  yielding  some  conservation  laws  for  a  finite  region 
despite  the  fact  that  some  mass  is  taken  away  by  the  wave  driven  by  energy  release. 
Conservation  of  total  angular  momentum  of  the  vortex  is  shown  to  hold  both  for 
axisymmetric  and  nonaxisymmetric  excitations.  Thus,  modification  of  vortex  parameters  due 
to  a  local  excitation  of  internal  degree  of  freedom  involves  heating  and  decrease  of  density  in 
central  region  of  the  vortex  and  a  corresponding  increase  of  azimuthal  velocity  according  to 
conservation  of  total  angular  momentum. 

This  work  was  supported  (in  part)  by  the  Russian  Foundation  for  Fundamental 
Research  (Grant  No.  06-01 -00203a). 

H3MEHEHHE  IIAPAMETPOB  O/JHHO^HOrO  BHXPfl  B 
PE3YJIBTATE  JIOKAJILHOrO  B03BY5IC^EHIW  BHYTPEHHEH 

CTEIIEHH  CBOEO^BI 

H.A.  BuHHiweHKO,  A.B.  Yeapoe,  A.H.  Ocunoe 

Mry  hm.  M.B.  JloMOHocoBa,  (JjH'iHHecKHH  (faKyjTbTeT,  Ka(j).  MoneKyaapHOH  4>h3hkh 

B'lanMO^eiicTBue  BnxpeBbix  CTpyicryp  c  BbmejieHiieM  OHeprnn,  b  tom  uncne 
3anaceHHoft  bo  BHyTpeHHnx  cTenemix  cboSoabt,  npe^cTaBjiaeT  mrrepec  c  tohkh  3peHHa 
MHornx  TexHHH ecKHx  npHJiojKeHHH :  Typ6yneHTHbix  TeuemiH  b  npOTOHHbix  Jia3epax, 
njia3MeHHoro  ynpaBjiemia  TeuemieM  y  Kpbina  neTaTejibHoro  annapaTa,  onTHMH3an:HH 
ropemra  BHyrpn  xaMep  cropaHiia  peaKTHBHbix  ABHraTenen  h  b  BnxpeBbix  ropemcax  h  Torncax. 
B  MeTeopojiorHH  cymecTByeT  npodneMa  pe3Koro  ycnnemia  TponuuecKnx  phkjiohob  h 
npeBpamemia  hx  b  yparaHbi,  KOTOpaa  Taioxe  CBJBaHa  c  BsaHMO^eiicTBiieM  BHxpa  h 
BbmeneHHa  oHepruu,  b  ashhom  cjiyuae,  cKpbiToft  TennoTbi  KOHaeHcaunn  b  Bocxo^aiunx 
noTOKax.  PemeHne  Bcex  sthx  3a^au  TpedyeT  OTBeTa  Ha  cftyHflaMeHTajibHbiH  Bonpoc:  kbk 
MeHaioTca  xapaKTepncTHKH  BHxpa  b  pe3ynbTaTe  noKajibHoro  Bbi^eneHiia  3Hepruu.  IIonbiTKe 
.qocTaTOHHO  cTporo  OTBeTHTb  Ha  3tot  Bonpoc  h  nocBameHa  HacToamaa  pa6oTa. 

PaccMaTpHBaeTca  H3MeHeHHe  napaMeTpoB  oahhouhofo  KOJioHHoo6pa3Horo  BHxpa  b 
pe3yabTaTe  yBejinueHua  OHepruu  BHyipeHHeH  CTeneHH  cboSoabi  b  KpyraoM  naTHe,  Hemp 
KOToporo  MoaceT  coBna^aTb  (ocecHMMeTpHHHbiH  cjiyuaft)  huh  He  coBna^aTb 
(HeocecHMMeTpHHHbiH  cjiyuaii)  c  ueHTpoM  BHxpa.  Moflenb  cpe^bi  BKJHOuaeT  ypaBHeHHa 
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HaBte-CroKca  aaa  oxHMaeMoft  >khhkocth,  aonoaHeHHbie  o^hhm  ypaBHemaeM  peaaxcaijHH 
SHeprHH  BHyTpeHHeft  CTeneHH  CBo6o,zjbi.  HucaeHHoe  MoaeanpOBaHHe  noKa3HBaeT,  hto  b 
pe3yjibTaTe  peaaxcapHH  HanaabHoro  B036y>x£eHHa  o6pa3yeTca  BOJiHa,  xoTopaa  yHocHT  nacTb 
Maccbi  H3  30hbi  B036y)KfleHHa.  B  caynae  HeocecHMMeTpHHHoro  B036yacfleHHa  nocae  yxoaa 
BOJiHbi  npoHcxo^HT  naAeHHe  ropanero  mrma,  npHHHMaiomero  (})opMy  cnnpaaH,  Ha  qeHTp 
BHxpa.  B  jho6om  caynae  BHxpb  nepexo^HT  b  HOBoe  ocecHMMeTpHHHoe  cocToaHHe, 
xapaKTepH3yiomeeca  HaaHHHeM  ropaaero  a^pa  noHmxeHHoft  hjiothocth  h  HexoTopbiM 
H3MeHeHneM  ymoBOH  cxopocm.  ^Jia  ocecHMMeTpHHHoro  B036yacaeHHa  b  npeaeabHbix 
cjiynaax  6bicTpoft  h  MeAaeHHoft  peaaxcaiiHH  noayHeHbi  aHaaHTHHecxHe  pemeHHa, 
onncbiBaiOHiHe  npouecc  3bohk)u;hh  BHxpa.  PaccMOTpeH  caynaft,  xoraa  HexoTOpaa  nacTb 
3HeprHH  cpa3y  nepexo^HT  b  Tenao,  a  ocTaabHaa  nacTb  ocTaeTca  bo  BHyTpeHHeft  CTeneHH 
CBoSo^bi  h  peaaKCHpyeT  aocTaTOHHO  MeaaeHHO.  IIoKa3aHO,  hto  b  caynae  kohchhoh 
npoTaaceHHocTH  30Hbi  B036yac^eHHa  B^oab  och  BHxpa  nocae  yxo/ia  BoaHbi  B03HHKaeT 
BTOpHHHOe  TeHCHMe,  KOTOpOe  npHBOflHT  K  HTOTOBOMy  yBeaHHCHHK)  CKOpOCTH  BpameHHa 
BHxpa  b  pe3yabTaTe  B03^eftcTBHa.  Taxace  paccMOTpeHa  bo3mo3choctb  BosdyayjeHHa 
BHxpeBOH  HeycTOHHHBOCTH  Psaea-Teftaopa  c  noMombio  nepHO^Hnecxoft  Haxanxn  SHeprHH 
bo  BHyrpeHHioK)  cTeneHb  cboSoabi  b  xoabueBoft  o6aacTH.  IIoxa3aHo,  hto  b  pe3yabTaTe 
pa3BHTHa  HeycTOHHHBOCTH  c  npeo6aaaaHHeM  mo^bi  c  a3HMyTaabHbiM  bobhobbim  hhcbom 
m  =  2  BHxpb  npeBpamacTca  b  saaHnTHnecxHft,  c  aeyMa  cnnpaabHbiMH  pyxaBaMH. 

Taxace  o6cyac^;aeTca  Bonpoc  o  cymecTBOBaHHH  coxpaHaTouiHxca  BeaHHHH  b 
AHHaMHxe  BHxpa  b  HepaBHOBecHOH  cpeae.  ripeaaoa^eH  noaxoa,  no3BoaaK>iri,Hft  noayHHTb 
onpeAeacHHbie  3axoHbi  coxpaHeHHa  ,qaa  xohchhoh  o6aacTH,  HecMOTpa  Ha  yHoc  Maccbi 
BoaHOH  ot  THeproBbiaeaeHHa.  IIoxa3aHO,  hto  h  b  occchmmctphhhom,  h  b 
HeocecHMMeTpHHHOM  caynae  coxpaHaeTca  noaHbift  momcht  HMnyabca  BHxpa.  TaxHM 
o6pa30M,  H3MeHeHHe  napaMeTpOB  oahhohhoto  BHxpa  b  pe3yabTaTe  aoxaabHoro 
B036yac,n:eHHa  BHyTpeHHeft  CTeneHH  cbo6oabi  cboahtcb  x  HarpeBy  h  noHHaceHHHD  naoTHocTH 
b  u;eHTpaabHoft  nacTH  BHxpa  h  HexoTOpOMy  yBeaHHeHHio  ero  yraoBoft  cxopocra  npn 
coxpaHeHHH  noaHoro  MOMeHTa  HMnyabca. 

Pa6oTa  BbinoaHeHa  npn  nacraHHoft  noaaepa<xe  Poccnftcxoro  OoH^a 
OyHAaMeHTaabHbTx  HccaeAOBaHHft  (rpaHT  06-01-00203a). 


COMPARISON  OF  SHOCK  WAVE  PROPAGATION  IN  THE 
STATIONARY  AND  DECAY  PLASMA  OF  THE  GLOW  DISCHARGE 

IN  THE  DIFFERENT  GASES 

A.S.Baryshnikov,  I.  V.Basargin,  M.  V.Chistyakova 
Physico-Technical  Institute  of  RAN, 

S.Petersburg,  194021,  Politechnicheskaya  26 
E-mail:  al.bar@mail.ioffe.ru 

Experiments  were  conducted  on  the  electric  discharge  installation  of  Ioffe  Institute  of 
Russian  Academy  of  Science  in  the  trans-sonic  regimes  of  shock  wave  propagation.  Such 
regimes  with  difficulty  yield  to  numerical  simulation,  those  more  in  the  plasma,  and  at  the 
same  time  precisely  these  regimes  are  interesting  for  the  practice.  The  experimental  form  of 
the  distribution  of  pressure  after  shock  wave  in  the  plasma  differs  significantly  from  form  in 
the  gas  without  the  plasma.  “Two-wave”  form  in  the  plasma  makes  it  possible  to  hope  for 
reductions  in  the  expenditures  of  energy  of  the  gas  motion  for  an  increase  in  the  entropy  in  the 
shock  wave,  as  this  occurs  also  in  the  case  of  the  mechanical  method  of  splitting  wave,  for 
example  on  the  conical  surfaces. 
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Experiments  are  carried  out  for  the  careful  study  of  the  distribution  of  pressure  behind 
the  shock  wave  and  the  velocity  shock  wave  during  its  propagation  across  the  positive  column 
of  the  steady-state  glowing  discharge,  and  also  in  the  decay  plasma  after  the  disconnection  of 
discharge,  in  moistened  and  dried  air,  in  the  dust-laden  air,  in  atmospheric  air,  and  also  in 
nitrogen  and  in  argon.  It  was  for  the  first  time,  in  comparison  with  the  experiments  in  air  with 
the  oversaturated  vapors  of  water,  that  the  study  of  the  influence  of  moisture  and  dustiness  of 
air  was  carried  out  separately,  which  gives  the  possibility  of  the  analysis  of  the  influence. 

Experiments  in  different  kinds  of  air  and  experiments  in  the  decay  plasma  are 
important  for  the  practical  use  of  the  effect.  Experiments  in  nitrogen  and  in  argon  are 
necessary  for  the  comparison  and,  as  a  result,  for  understanding  of  the  mechanism  of  the 
effect,  without  which  it  is  difficult  to  give  reliable  practical  recommendations. 

After  the  modernization  of  installation  and  realization  on  the  basis  of  the 
contemporary  electronic  base  of  the  original  scheme  of  the  schlieren  method,  and  also  after 
the  application  of  contemporary  procedures  of  processing  results,  the  accuracy  of 
experimental  data  was  essential  improved. 

It  was  shown  that  distribution  of  the  pressures  behind  the  shock  wave  in  moist  and 
dried  air,  and  also  with  the  small  artificial  dustiness  of  air,  differ  little  from  each  other. 

The  influence  of  humidity  distinctly  is  manifested  in  a  change  in  the  positions  of  the 
maximums  of  the  shock  wave  velocity  in  its  distribution  across  the  positive  column  of  the 
steady-state  glowing  discharge.  The  influence  of  dustiness  is  noticeable  with  an  increase  of 
the  concentration  of  dust  in  10  times  in  comparison  with  the  natural  dustiness,  the  influence 
strongly  depending  on  wave  velocity.  More  thorough  study  is  required  for  investigation  of  the 
influence  of  the  high  dust  concentrations  on  the  effect  being  investigated. 

From  the  experiments  in  the  decay  plasma  in  dried  and  in  moistened  air,  in  nitrogen 
and  in  argon  a  conclusion  was  made  that  the  form  of  pressure  distribution  behind  the  shock 
wave  depends  on  the  concentrations  of  the  excited  states  of  gases,  including  -  singlet  oxygen. 
The  times  of  essential  reconstruction  of  waveform  after  the  disconnection  of  discharge  are 
found. 


CPABHEHHE  PAdlPOCTPAHEHIM  Y^APHOH  BOJIHBI  B 
CTAIJHOHAPHOH  H  PACIIA£AK)mEHOI  IIJIA3ME  TJlEFOmETO 

PA3PJIAA  B  PA3HEIX  TA3AX 

A.C.EapbiuiHUKoe,  H.B.Eacapzun,  M.B. Hucmnnoea 

®H3HKO-TeXHHHeCKHH  HHCTHTyT  HM.  A.®.  liOCpCpe  PAH, 

C.neTep6ypr,  194021,  nojimexHMuecKaa  26 
E-mail:  al.bar@mail.ioffe.ru 

3KcnepHMeHTbi  npoBOAujincb  Ha  3JieKTpopa3paAHoft  ycTaHOBice  cDTH  HM.A.cD.Hoijxlie 
Ha  TpaHC3ByKOBBix  peacHMax  pacnpocipaHeHHa  yaapHoii  bojihbi.  T aicne  peacHMbi  Tpyzmo 
no/ytaioTca  uucjieHHOMy  Mo^e nnpoBaHHio ,  TeM  6onee  b  njia3Me,  h  BMecTe  c  TeM  hmchho  3th 
peacHMbi  HHTepecHbi  fljia  npaionKM.  3iccnepHMeHTajibHaa  cftopMa  pacnpexejieHMa  xaBJieHHa 
3a  yzjapHOH  bojihoh  b  njia3Me  cymecTBeHHo  oTjiHHaeTca  ot  (J)opMbi  b  ra3e  6e3  njia3Mbi. 
«,H,ByxBOJiHOBaa»  (J)opMa  b  njiasMe  no3BOJiaeT  HaxeaTbca  Ha  CHuaceHua  3aTpaT  3HepruH 
^BHaceHHa  ra3a  Ha  noBbimeHHe  3HTponuH  b  yzjapHOH  bojihc,  Rax  sto  nponcxo^HT  b  cjiyuae 
MexaHHuecKoro  cnoco6a  pacmenjieHHa  bojihbi,  HanpHMep  Ha  KOHycHbix  noBepxHOCTax. 

flpoBeACHbi  3KcnepHMeHTbi  no  AeTajibHOMy  H3yneHHio  pacnpe^eaeHHa  AaBueHua  3a 
y^apHOH  bojihoh  h  ckopocth  y^apHOH  bojihbi  npH  pacnpocTpaHeHHH  ee  nonepex 
nojioacHTejibHoro  CTOJi6a  CTauHOHapHoro  Tjieiomero  pa3pajia,  a  Taicace  b  pacna^aiomeHca 
mia3Me  nocae  BbiionoHeHua  paspajia,  b  yBJiaacHeHHOM  h  ocymeHHOM  B03jiyxe,  b  3anbmeHHOM 
B03Ayxe,  b  aTMociJiepHOM  B03^yxe,  a  Taicace  b  a30Te  h  b  aproHe.  IIo  cpaBHeHHio  c 


139 


SESSION  10.  Shock  Waves 


3KcnepHMeHTaMH  b  B03,zjyxe  c  nepeHacbimeHHbiMH  napaMH  boah  BnepBbie  6bmo  npoBe^eHO 
OT^eabHO  H3yHeHne  bjihahhh  yBJiaacHeHHOCTH  h  3anbmeHHOCTH  B03^yxa,  hto  ^aeT 

B03M03CH0CTB  aHajIH3a  BJIH5IHHS. 

3KcnepHMeHTbi  b  pa3JiHHHbix  Biijxax  B03^yxa  h  aiccnepHMeHTbi  b  pacnaflaiomeiica 
njia3Me  BaacHbi  jum  npaKTHHecicoro  Hcnojib30BaHHa  3(})(])eKTa.  SiccnepHMeHTbi  b  a30Te  h  b 
aproHe  HyacHbi  hjik  cpaBHeHHa  h,  b  HTore,  ^Jia  noHHMaHHa  MexaHH3Ma  3(})(])eKTa,  6e3 
KOTOporo  Tpy^HO  AaBaTb  .qocTOBepHbie  npaKTHHecioie  peKOMeH^apHH. 

Ilocjie  MOflepHH3apHH  ycTaHOBKH  h  ocymecTBJieHHa  Ha  ochobc  coBpeMeHHOH 
aaeKTpoHHOH  6a3bi  opHrHHajibHoft  cxeMbi  manpeH-MeTo^a,  a  Taicace  nocne  npHMeHeHHa 
coBpeMeHHbix  MeToaHK  o6pa6oTKH  pe3yabTaTOB,  6biaa  cymecTBemio  yayameHa  tohhoctb 
3KcnepHMeHTaabHbix  aaHHbix. 

Bbiao  noKa3aHO,  hto  pacnpeaeaeHHe  aaBaeHHa  3a  yrapHoii  bojihoh  bo  BaaacHOM  h 
ocymeHHOM  B03ayxe,  a  Taicace  npn  Maaon  HcicyccTBeHHOH  3anbiaeHH0CTH  B03ayxa,  Maao 
OTaHnaiOTca  apyr  ot  apyra. 

BanaHHe  BaaacHocTH  oTHeTanBo  npoaBaaeTca  b  H3MeHeHHH  noaoaceHHH  MaKCHMyMOB 
CKOpocTH  yaapHOH  BoaHbi  b  pacnpeaeaeHHH  ckopocth  nonepex  noaoacHTeabHoro  CToa6a 
CTapnoHapHoro  Taeiomero  pa3paaa.  BanaHHe  3anbiaeHH0CTH  3aMeTHo  npa  yBejiHHeHHH 
KOHpeHTpaaHH  nbuiH  b  10  pa3  no  cpaBHeHHio  c  ecTecTBeHHon  3anbiaeHHOCTbK>,  npHneM 
BanaHHe  cnabHo  33bhcht  ot  ckopocth  BoaHbi.  Tpe6yeTca  6oaee  TipaTeabHoe  nccaeaoBaHHe 
BJironme  6oabmnx  KOHneHTpauHH  nbian  Ha  HCcaeayeMbin  acjxjieKT. 

H3  3KcnepHMeHTOB  b  pacna/iaiomeHca  naa3Me  b  ocymeHHOM  h  b  yBaaacHeHHOM 
B03ayxe,  b  a30Te  h  b  aproHe  caeaaH  BbiBoa,  hto  Ha  cjiopMy  HMnyabca  aaBaeHHa  3a  yaapHOH 
bojihoh  BHHaioT  KOHqeHTpauHH  B036yacaeHHbix  cocToaHHH  ra30B,  b  tom  HHcae  - 
CHHraeTHoro  KHcaopoaa.  HaMaeHbi  BpeMeHa  cymecTBCHHoh  nepecTpoincH  cjiopMbi  CHraaaa 
nocae  BbiKaioHeHHa  pa3paaa. 


INTERACTION  OF  SHOCK  WAVES  WITH  PLASMA:  DETONATION 
OF  EXPLOSIVES  ON  THE  BASIS  OF  NITRO-COMPOUNDS 
(NITROGLYCERINE,  NITROGLYCOL,  TROTYL) 

Yu.L.  Serov 

Ioffe  Institute  RAS,  St.-Petersburg,  Russia 

195256  St-Petersburg  Butlerova  13-50,  Fax  (812)  297-1017,  vuserov@mail.ioffe.ru 

It  is  known,  that  propagation  of  shock  waves  in  plasma  of  air  at  low-speed  modelling 
(  V  <  600  m/s)  even  at  great  Mach-numbers  is  determined  by  laws  of  classical  aerodynamics. 
Traditional  laws  of  similarity  at  laboratory  modelling  of  high-speed  processes  are  based  on 
this  circumstance.  At  higher  speeds  the  nonlinear  dynamic  properties  of  plasma  are  displayed 
in  area  of  significant  gradients  of  fields.  Propagation  of  shock  waves  in  plasma,  and  also  the 
accompanying  processes  (intensity  of  shock  waves,  character  of  a  flow  of  bodies,  heating 
flows,  instability  of  flows  and  shock  waves)  in  a  real  situation  of  high-speed  movement  of 
flying  devices  (f~70(H2600  m/s)  in  air  are  determined  by  resonant  nonlinear  ion-acoustic 
interaction  [1-5].  In  such  conditions  traditional  laws  of  similarity  do  not  operate.  In  this  area 
of  speeds  in  a  mixture  of  oxygen  with  nitrogen  the  basic  condition  of  nonlinear  resonant 
plasma  dynamics  which  is  1<M;<1.63,  connected  with  formation  of  an  ion-  acoustic  shock 
wave  in  heavy  plasma  components  [2-4]  is  realized.  Other  high  speed  plasma  effects  which 
cannot  receive  an  explanation  within  a  frame  of  classical  gas  dynamics  are  connected  with 
nonlinear  resonant  dynamic  properties  of  plasma  also. 
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One  of  such  effects  is  the  gas  detonation  which  is  observed  in  area  of  ionic  Mach- 
numbers  of  1<M,<1.63  [6-8]  at  speeds  of  a  shock  wave  more  than  1  km/s.  At  such  speeds  as  a 
result  of  chemical  reaction,  photo-excitation  and  ionization  in  area  of  front  of  a  shock  wave 
plasma  is  formed.  As  the  result  in  resonant  areas  of  speeds  there  is  an  acceleration  of  a  shock 
wave  till  phase  speed  of  a  soliton  bunch  [9].  Thus  it  appears,  that  speed  limits  of  a  gas 
detonation  are  caused  by  nonlinear  electrodynamic  interaction  and  coincide  with  the  borders 
of  existence  of  ion- acoustic  soliton  bunch  which  is  formed  in  special  resonances  [6].  The 
detonation  of  liquid  and  solid  explosives  also  takes  place  through  a  phase  of  decomposition 
and  formation  of  gas-  and  plasma-like  products  of  chemical  reaction.  In  the  report  it  is  shown, 
that  limits  of  a  detonation  of  liquid  and  solid  explosives  are  determined  by  nonlinear  ion  - 
acoustic  interaction  in  a  phase  of  plasma  formation  in  gaseous  products  of  decomposition. 
Schemes  of  formation  of  an  ion-acoustic  soliton  bunch  are  considered  for  some  of  nitro¬ 
compounds  (nitroglycerine,  nitroglycol,  trotyl).  It  is  shown,  that  structure  of  ion-acoustic 
interaction  is  displayed  in  the  form  of  a  variation  of  speed  of  a  detonation  of  explosives 
depending  on  conditions  of  experiment.  It  is  known,  that  in  experiments  with  one  explosive 
various  speeds  of  a  detonation  can  be  realized.  For  example,  speed  of  a  detonation  of  trotyl  on 
different  experimental  data  is  D  =  6600  km/s  or  D  =  6800  =7000  km/s.  According  to  plasma 
model  the  set  of  speeds  of  a  detonation  for  explosives  is  connected  with  ionic  structure  of 
products  of  chemical  decomposition  at  a  stage  of  a  detonation,  and  also  with  electrons, 
formed  at  impacts  of  the  second  kind  with  participation  of  metastable  levels  of  atoms  of 
nitrogen,  carbon  and  oxygen.  The  model  shows,  that  for  example  the  detonation  of  trotyl  is 
realized  through  a  metastable  level  of  atom  of  nitrogen  Nmet  (£=2,38  eV)  at  participation  of 
ions  0+  ( D  =  6,55  km/s),  CH+  ( D  =  6,85  km/s),  C+  (Z)  =  7,1  km/s).  The  detonation  of 
nitroglycerine  is  realized  through  a  metastable  level  of  atom  of  oxygen  Omet  (£=3,1 5  eV)  at 
participation  of  ions  CH+  (. D  =  7,8  km/s),  C+  (D  =  8,15  km/s).  The  nature  of  a  low-speed 
detonation  ( D  =  1000  -*■  3000  m/s)  of  nitro-compounds  is  considered.  The  low-speed 
detonation  of  nitro-compounds  can  be  connected  with  step  population  of  metastable  terms  of 
molecules  N  Ome*  (£  =  4,7  eV)  and  O2  *  met  (£  =  0,98  eV)  and  formation  of  ions  N+,  NS,  /V3+, 
N4+.  In  such  conditions  the  soliton  bunchs  can  be  generated  and  a  detonation  be  observed  in  a 
range  of  D  =1  =  3  km/s. 

Carried  out  researches  have  shown,  that  the  detonation  of  both  liquid,  and  solid 
explosive  is  connected  with  high-speed  plasma  processes.  This  phenomenon  represents  the 
acceleration  of  a  shock  wave  till  the  maximal  phase  speed  of  an  ion-acoustic  soliton  bunch  in 
plasma  of  products  of  decomposition.  Thus  nonlinear  ion-acoustic  interaction  is  the  general 
element  not  only  at  an  abnormal  flow  of  supersonic  bodies  by  plasma  or  formation  of 
instability  of  shock  waves,  but  also  in  physics  of  a  detonation. 
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TPOTHJI) 

lO.JI.Cepoe 

Oil  I  hm.  A.O.  I  lo(|)(|)e  PAH,  CaHKT-neTep6ypr 

H3BecTHo,  hto  pacnpocTpaHemie  yqapHbix  bojth  b  njia3Me  B03^yxa  npn 
ManocKOpocTHOM  MOflejiHpOBaHHH  (<600  m/s)  nance  npn  6ojibiuhx  uncjiax  Maxa 
onpenejiaeTca  3aKOHaMH  KjiaccHHecKoft  aaponHHaMHKH.  Ha  stom  o6cToaTejiBCTBe  ochobbhbi 
3aKOHbi  nono6na  npn  JiaSopaTOpHOM  MonejinpoBaHiin  bbicokockopocthbix  npoueccoB.  npn 
6ojiee  BbicoKHx  cxopocTax  b  o6jiacTH  3HaHHTejibHBix  rpanneHTOB  nojieft  npoaBjiaioTca 
HejiHHeHHbie  nHHaMHHecKHe  CBOHCTBa  njia3Mbi.  PacnpocTpaHCHne  ynapHbix  bojih  b  mia3Me,  a 
Taxace  cBa3aHHbie  c  3thm  npoueccbi  (HHTeHCHBHocTb  ynapHbix  bojih,  xapamep  oSTeKaHiin 
Ten,  TennoBbie  noTOKH,  HeycTOHHHBOCTB  TeneHnii  h  ynapHbix  bojih)  b  peanbHOH  CHTyaunn 
BbicoKocKopocTHoro  nBHncemia  b  B03Ayxe  jieTaTejibHbix  annapaTOB  (V=700  2600  m/s) 

onpenejiaiOTcn  pe30HaHCHbiM  HejiHHeiiHbiM  HOHHO-3ByKOBbiM  BiaMMoneiicTBiieM  [1-5],  B 
tbkhx  ycjioBHax  TpannunoHHBie  3aKOHbi  nonoSiin  He  neiicTByioT.  B  stoh  o6jiacTH  cKopocTeii 
b  CMecH  KHCJiopona  c  a30TOM  peajiH3yeTca  ochobhoc  ycnoBiie  HejiHHeHHoii  pe30HaHCHOH 
nJia3MOAHHaMHKH  1<  Mi  <  1/63,  CBjmHHOC  C  06pa30BaHHCM  HOHHO-3ByKOBOH  ynapHOli 
bojihbi  b  Taacejibix  njia3MeHHbix  KOMnoHeHTax  [2-4],  nosTOMy  npo6jieMy 
BbicoKocKopocTHoro  nBHncemia  ynapHbix  bojih  b  ra30-njia3MeHHoft  cpene  cnenyeT 
paCCMaTpHBaTb  C  n03HUHH  3JieKTpOAHHaMHKH  H  HejIHHCHHOH  aKyCTHKH.  C  HejIHHCHHBIMH 
pe30HaHCHbIMH  ^HHaMHHeCKHMH  CBOHCTBaMH  njia3MbI  CBJI3aHbI  H  ^pyrHe  BbICOKOCKOpOCTHbie 
njia3MeHHbie  3(jx|)eKTbi,  KOTOpbie  He  MoryT  nojiyHHTb  o6bacHeHne  b  paMKax  KJiaccHHecKoii 
ra30BOH  ^HHaMHKH. 

Oothm  H3  tbkhx  3(jK[jeKTOB  aBJiaeTca  raiOBaa  neTOHamia,  koto  pan  Ha6jnonaeTca  b 
o6jiacTH  HOHHbix  HHceji  Maxa  1<  M£  <  1,63  [6-8]  npn  cxopocTax  ynapHoh  bojihbi  6ojiee  1 

KM/ceK.  npH  TBKHX  CKOpOCTBX  B  pe3yjIbTaTe  XHMHHeCKOH  peBKUHH,  (j)0T0B036yncneHHa  H 
HOHH3BIIHH  B  o6jiaCTH  (j)pOHTa  y^apHOH  BOJIHBI  o6pa3yeTCa  njia3Ma  H  B  pe30HaHCHBIX 
o6jiacTflx  CKopocTeii  nponcxonin  ycKopemie  ynapHoh  bojihbi  no  (Jja30Boii  ckopocth 
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cojiHTOHHoro  crycTKa  [9],  TaKHM  o6pa30M  OKasbmaeTca,  hto  CKOpocTHbie  npeaeabi  ra30B0H 
AeTOHaUHH  oSyCJIOBJieHbl  HeHHHeHHblM  3HeKTpOaHHaMHHeCKHM  B3aHMO^eHCTBHeM  H 
coBnaaaioT  c  rpaHHpaMH  cymecTBOBaHHa  HOHHo-3ByKOBoro  cojiHTOHHoro  crycTKa,  KOTopbin 
(JjopMHpyeTca  b  oco6bix  pe30HaHcax  [6],  ^eTOHaima  acnaKHx  h  TBepabix  B3pbiBnaTbix 
BemecTB  Taicace  npoxoanr  nepe3  (})a3y  pa3aoaceHHa  h  (j)opMHpoBaHHa  ra30-  h 
njia3MOo6pa3Hbix  npoayicroB  xhmhhcckoh  peaxuHH.  B  aoxnaae  noKa3aHO,  hto  npeaeabi 
AeTOHauHH  acH^KHx  h  TBepAbix  B3pbiBHaTbix  BemecTB  onpeaeaaioTca  HeaHHeftHbiM  hohho  - 
3ByKOBbiM  BsaHMoaeHCTBHCM  b  (J)a3e  naa3MOo6pa30BaHHa  b  ra30o6pa3Hbix  npoayKTax 
pa3JTO/KeHHa.  PaccMaTpHBaioTca  cxeMbi  o6pa30BaHHa  hohho  -  3ByKOBoro  cohhtohhofo 
crycTKa  ana  pana  HHTpocoenHHCHHH  (HHTpornHijepHH,  HHTpornHKonb,  Tporan).  IIoKa3aHO, 
hto  CTpyKTypa  hohho  -  3ByKOBoro  B3aHMoaencTBHa  npoaBaaeTca  b  BHae  BapirauHH 
CKOpOCTH  aeTOHaHHH  B3pbIBHaTbIX  BemecTB  B  3aBHCHMOCTH  OT  yCHOBHH  3KCnepHMeHTa. 
H3BeCTHO,  HTO  B  3KCnepHMeHTaX  C  OAHHM  B3pbIBH3TbIM  BeiHCCTBOM  MOTyT  peajiH30BaTbca 
pa3HHHHbie  CKOpOCTH  aCTOHaHHH.  HanpHMep,  CKOpOCTb  aCTOHaHHH  TpOTHaa  no  pa3HbIM 

3KcnepHMeHTaabHbiM  aaHHbiM  cocTaBnaeT  D  =  6600  km/s,  D  =  6800  ^7000  km/s.  CornacHo 
naa3MeHHOH  Moaenn  Ha6op  CKopocTCH  aeTOHaHHH  aaa  B3pbiBnaTbix  bchicctb  CBa3aH  c 
HOHHMM  cocTaBOM  npoayKTOB  xHMHHecKoro  pa3noaceHHa  Ha  CTa^HH  AeTOHauHH,  a  Taicace  c 
aaeKTpOHaMH,  o6pa30BaBHiHMHca  npn  yaapax  BTOporo  poaa  c  ynacTneM  MeTacTaSnabHbix 
ypoBHeft  aTOMOB  a30Ta,  yraepoaa  h  KHcnopoaa.  Moaenb  noKa3biBaeT,  hto,  HanpHMep, 
aeTOHaqna  Tporaaa  peaaH3yeTca  nepe3  MeTacTaSnabHoe  cocToaHHe  aTOMa  a30Ta  IV^ef  (  E= 
2,38  eV)  npn  ynacraH  hohob  O4  (D  =  6,55  km/s),  CH+  (D  =  6,85  km/s),  C+  (D  =  7,1  km/s). 
^eTOHauna  HHTporanaepHHa  peaaH3yeTca  nepea  MeTacTa6HabHoe  cocToaHHe  aTOMa 
KHcaopoaa  O^et  0,15  eV)  npn  ynacraH  hohob  CH+  (D  =  7,8  km/s),  C+  (D  =  8,15  km/s). 

PaccMOTpeHa  npnpona  MaaocKOpocTHoil  aeTOHaHHH  HHTpocoeanHeHHH  (D  =  1000-3000 
m/s).  MaaocKopocTHaa  aeTOHauna  HHTpocoeanHeHHH  MoaceT  6biTb  cBa3aHa  co  cTyneHnaTbiM 
3aceaeHHeM  MeTacTa6nabHbix  TepMOB  MoaeKya  NOmet  (E  =  4,7  eV)  h  02met  (E  =  0,98  eV  ) 

h  o6pa30BaHHeM  hohob  N  +  ,  $3",  .  B  TaKHx  ycaoBHax  MoryT  c(})opMHpoBaTbca 

coaHTOHHbie  crycTKH  h  Ha6aK>aaTbca  aeTOHauna  b  anana30He  CKopocTeft  1-^3  km/s. 

IIpOBeaeHHbie  nccaeaoBaHHa  noKa3anH,  hto  aeTOHapna  Kai<  acnaKHx,  Tax  h  TBepabix 
B3pbiBHaTbix  Bem:ecTB  cB33aHa  c  bbicokockopocthbimh  naa3MeHHbiMH  npopeccaMH.  3to 
aBaeHne  npeacTaBaaeT  co6oh  yci<opeHHe  ynapHoil  BoaHbi  ao  MaKCHMaabHoil  (J)a30BOH 
CKopocTH  HOHHo-3ByKOBoro  coaHTOHHoro  crycTKa  b  naa3Me  npoayKTOB  pa3aoaceHHa.  TaKHM 
o6pa30M  HeaHHeiiHoe  HOHHO-3ByKOBoe  B3aHMoaeHCTBHe  aBaaeTca  BaacHbiM  o6ihhm 
aaeMeHTOM  He  ToabKo  npn  aHOMaabHOM  o6TeKaHHH  cBepx3ByKOBbix  Tea  naa3Moft  nan 
pa3BHTHH  HeyCTOHHHBOCTH  yaapHbIX  BOaH,  HO  H  B  (J)H3HKe  aCTOHaHHH. 
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THE  ROLE  OF  INSTABILITIES  AND  VORTICES  IN  INTERACTION 
OF  HEAT  INHOMOGENEITIES  WITH  SUPERSONIC  BLUNT  BODY 

Olga  Azarova 

Dorodnicyn  Computing  Center  of  RAS,  Moscow,  Russia 

Yuri  Kolesnichenko 

Institute  of  High  Temperatures  RAS,  Moscow,  Russia 

Doyle  Knight 

Rutgers,  The  State  University  of  New  Jersey,  US 

The  results  of  numerical  modeling  of  the  interaction  of  shock  layer  with  heat 
inhomogeneities  on  the  base  of  the  Euler  system  of  equations  are  presented.  The  statements  of 
the  problems  are  initiated  by  the  research  in  the  field  of  flow/flight  control  via  MW  energy 
supply  into  a  supersonic  flow  [1],  The  heat  inhomogeneities  are  supposed  to  have  a  shape  of 
heat  rarefied  channels.  Infinite  and  bounded  length  (duration)  channels  are  under 
consideration.  Mach  numbers  of  the  oncoming  flow  were  equal  to  1.89  and  3,  gas  rarefaction 
degree  in  the  channels  was  equal  to  0.3-0. 6.  Mechanisms  of  generation  and  dynamics  of 
instabilities  are  pointed  out.  Drag  force  decrease  and  increase  for  symmetrical  and 
asymmetrical  channel  location  relatively  the  body  are  analyzed,  too.  Mechanisms  of  these 
effects  are  shown  to  connect  with  the  vortices  generation  inside  the  shock  layer  [1,  2], 
Comparison  with  experimental  results  has  been  made.  Two-dimensional  cylinder  analog  of  the 
difference  scheme  [3]  is  used. 
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IIpe^cTaBjieHH  pe3yjibTaTbi  uucjieHHoro  MOAejiupoBaHua  B3aHMo^eHCTBHa  yzjapHoro 
cjiob  c  TennoBBiMH  Heo,nHopo^HOCTaMu  Ha  ochobc  CHCTeMbi  ypaBHeHHH  Ounepa.  IIocTaHOBKH 
3ajiaH  HHuuuupoBaHbi  uccjieAOBaHuaMu  b  odjiacra  ynpaBnemra  cBepx3ByicoBbiM  o6TeicaHHeM 
nocpe^CTBOM  BBe/teHiia  CBH  3Hepruu  b  Ha6eraiom,HH  noTOK  [1],  PaccMaTpuBatOTca 
TennoBbie  HeoAHopoAHocTH  b  Bu^e  pa3orpeTbix  pa3peaceHHbix  KaHanoB,  decKOHeuHbie 
(nocTOAHHO  /teiicTBytoiuHe  hctohhhkh  3Hepruu)  h  orpaHuueHHOH  ixmmbi.  Hncna  Maxa 
Ha6eraiomero  noToxa  paBHajincb  1.89  h  3,  cTeneHb  pa3peaceHH0CTH  ra3a  b  xaHane 
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BapbHpOBanacb  ot  0.3  0.6.  npHBe^eHbi  MexaHH3Mbi  3apoacfleHHa  h  ^HHaMHKa  pa3BHTHa 

HeycTOHHHBOCTeH.  ycTaHOBJieHbi  MexaHH3Mbi  noHHaceHHfl  h  noBbimeHHa  chjibi  jio6oBoro 
COnpOTHBJieHHa  npn  CMMMeTpMHHOM  H  aCHMMeTpHHHOM  paCnOJKmeHHH  HCTOHHHKa  3HeprHH 
OTHOCHTejibHO  Tena,  CBa3aHHbie  c  B03^eHCTBHeM  3apoa(flaK)iii,Hxca  BHyTpH  yzjapHoro  cjioa 
BHXpeft  [1,  2],  npOBOAHTCfl  CpaBHeHHe  C  HMeiOmHMHCa  3KCnepHMeHTajIbHbIMH  AaHHbTMH.  B 
pacneTax  Hcnojib3yeTca  ^ByMepHbiH  pHJiHHApHHecKHH  aHanor  pa3HOCTHOH  cxeMbi  [3], 


ABSORPTION  MODES  OF  POWER  LASER  RADIATIONS  IN  AIR  IN 
A  MODE  OF  LIGHT  DETONATION 

Pirogov  S.  Yu.,  Yuriev  A.S.,  Belyanin  D.G. 

MSA  by  A.F.  Mozhajsky,  St.-Petersburg,  Russia 

On  pathes  of  a  solution  of  a  problem  of  an  effective  energy  supply  for  a  decrease  of 
bodies  drag  on  super-  and  hypersonic  velocities  the  necessity  of  maintenance  of  his 
localization  lies,  i.e.  maintenance  is  strict  given  on  time,  space  and  power  of  energy  supply. 

Among  different  ways  of  implementation  power  supply  in  super-  and  hypersonic  flows, 
or  in  a  stationary  air  before  a  body  the  soul  interest  introduces  a  laser  radiation.  The  laser 
radiation  can  be  occluded  in  air  in  a  mode  of  optical  discharge,  light  detonation  mode  and 
slow  combustion  mode.  Thus  to  problems  of  light  detonation  mode  application  for  absorption 
of  a  laser  radiation  in  problems  of  a  decrease  of  a  wave  drag  not  enough  attention  is  given. 

In  this  paper  within  the  framework  of  model  inviscid,  perfect,  equilibrium,  radiating  air 
the  numerical  research  time-space  gasdynamics  of  frames  of  plasma  formations  arising  at 
light  detonation  mode  absorption  of  a  laser  radiation  was  investigated^]. 

The  numerical  results  are  compared  to  experimental  data  of  other  writers. 

Is  rotined,  that  at  decreasing  air  density  appear  a  discontinuous  alteration  of  light 
detonation  wave  speed,  that  is  conditioned  by  change  of  an  optical  behaviour  of  hot  air  in 
front  of  light  detonation  wave.  Thus  the  laser  radiation  is  occluded  not  in  a  flake,  and  in  an 
extended  volume  behind  front  of  light  detonation  wave  comparable  on  the  size  about  a  dia  of 
a  laser  beam.  At  further  decreasing  of  density  the  light  detonation  mode  will  not  be  realised. 
Density  of  air,  at  which  one  ceases  to  be  realized  light  detonation  mode  corresponds  to 
altitudes  about  28  kilometers  above  sea  level. 

Also  is  rotined,  that  at  a  decrease  of  density  of  air  the  compression  ratio  of  gas  in  light 
detonation  wave  decreases.  Therefore  the  light  detonation  wave  degenerates  from  light 
detonation  wave  in  radiation  wave. 

On  the  basis  of  the  analysis  of  numerical  outcomes  the  relations  of  rate  of  propagation 
light  detonation  wave  are  obtained  depending  on  intensity  of  a  laser  radiation  and  density  of 
air. 

Is  rotined,  that  with  the  help  of  light  detonation  mode  of  a  laser  radiation  absorption  it  is 
possible  to  receive  extended  channels  underdense,  the  life  time  makes  which  one  about  1 
seconds.  Such  channels  can  be  used  for  a  decrease  of  a  wave  drag  of  bodies  driving  with 
super-  and  a  hypersonic  velocity. 

1.  Belyanin  D.G.,  Pirogov  S.Y.,  Yuriev  A.S.  (Mozhaiski  Space  Engeering  Universiti,  St.- 
Petersburg),  Leonov  S.V.  (IVTRAN),  Ryzhov  E.V.  (JSCompany  “EKA”,  Moscow). 
Plazma-Gasdynamic  Structure  of  Light-Detonation  Wave  at  Absorption  of  Powerful  Laser 
Radiation  in  Air.  /  The  7th  international  workshop  on  magnetoplasma  aerodynamiks. 
Russion  academy  of  sciences.  Moscow  17April  -  19Aipril  2007. 
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PE2KHMM  nOrJIOIIJEHHfl  MOmHOrO  JIA3EPHOrO 
H3JIYHEHHH  B  B03^VXE  B  PE /KM  ME  CBETOBOH  ^ETOHAIJHH 

rJupoc'Oti  C.  IQ .,  IQpbee  A.C.,  Eejinnuu  JJ.r. 

BKA  hm.  A.  <I>.  Mo'/KaiicKoio.  CaHKT-FIeTep6ypr,  Pocchh 

Ha  nyra  pemeHHa  npo6neMbi  aiJxjiexTHBHoro  Hcnonb30Bamia  3HepronoABOAa  a jia 
CHHaceHHfl  Jio6oBoro  conpOTHBneHHa  Ten  Ha  CBepx-  h  THnep3ByKOBbix  cxopocTax  jiokht 
Heo6xoAHMocTb  o6ecneHeHHa  ero  noxanH3au;HH,  T.e.  o6ecneneHiia  cTporo  3a^aHHoro  no 
BpeMeHH,  npocipaHCTBy  h  moihhocth  THepronoABona. 

Cpe^H  pa3JiHHHbTx  cnoco6oB  peanH3au;HH  3HepronoABOAa  b  CBepx-  h  THnep3ByKOBbie 
noTOKH,  hjih  b  HenoflBHxcHbiH  B03Ayx  nepeA  TenoM  oco6bin  HHTepec  npeACTaBnaeT  na3epHoe 
H3JiyneHHe.  JIa3epHoe  H3nyneHHe  MoaceT  nornomaTbca  b  B03Ayxe  b  peacHMe  onraHecxoro 
pa3pana,  CBeToneTOHanHHOHHOH  BOJiHbi  h  BOJiHbi  MenneHHoro  ropcHMa.  npH  stom  BonpocaM 
npHMeHeHHa  CBeTOAeTOHapnoHHoro  peacHMa  noraomeHna  na3epHoro  H3nyneHiia  b  3a^anax 
CHHaceHHfl  bojihoboto  conpOTHBJieHna  yneneHO  He^ocTaTonHO  BHHMaHHa. 

B  pa6oTe  b  paMxax  MOAenn  HeBa3xoro,  coBepmeHHoro,  paBHOBecHoro,  mnynaiomero 
B03Ayxa  BbinojmeHO  HHcneHHoe  MCcnenoBaHMe  npocTpaHCTBeHHO-BpeMeHHbix 
ra30AHHaMHnecKHx  cTpyxTyp  nna3MeHHbix  o6pa30BaHHH,  B03HHxaiomHx  npn 
CBeTOAeTOHapHOHHOM  norjiOH],eHHH  na3epHoro  H3JiyneHna  [1], 

HncjieHHbie  pe3yjibTaTbi  cpaBHHBaioTca  c  sxcnepHMeHTanbHbiMH  pe3yjibTaTaMH 
Apyrnx  aBTOpOB. 

noKa3aHo,  hto  npn  yMeHbmeHHH  iuiothocth  B03Ayxa  npopncxoAHT  cKanKoo6pa3Hoe 
H3MeHeHHe  CXOpOCTH  ABHaCCHMa  CBeTOAeTOHapHOHHOH  BOJiHbi,  HTO  oSyCJIOBJieHO 
H3MeHeHHeM  OnTHHeCKHX  CBOHCTB  TOpaneTO  B03Ayxa  BO  (J)pOHTe  CBeTOAeTOHapHOHHOH 
BOJiHbi.  npn  3tom  jia3epHoe  H3JiyneHHe  nornomaeTcn  He  b  tohkom  cnoe,  a  b  npoTaaceHHOM 
o6T.eMe  3a  tftpOHTOM  CBeTOAeTOHauHOHHOH  BOJiHbi,  conocTaBHMOM  no  pa3Mepy  c  AnaMCTpoM 
jia3epHoro  nyna.  npn  AanbHenmeM  yMeHbmeHHH  hjiothocth  nponcxoAHT  cpbiB  peacHMa,  T.e. 
CBeTOAeTOHapHOHHbiH  peacHM  He  peanH3yeTca.  njiOTHOCTb  Bosnyxa,  npn  xoTOpoii  nepecTaeT 
peajiH30BbiBaTbca  CBeTOAeTOHapHOHHbin  peacHM  eooTBeTCTByeT  BbicoTaM  nopaAxa  28 
KHJiOMeTpOB  Han  ypOBHeM  MOpa. 

Taxace  noKa3aHo,  hto  npn  cHHaceHHH  hjiothocth  B03Ayxa  cTeneHb  cacaraa  ra3a  b 
CBeTOAeTOHapHOHHOH  BOJiHe  yMeHbinaeTca.  nosTOMy  CBeToneTOHaHHOHHaa  BOjma 
BbipoacAaeTca  H3  CBeTOAeTOHauHOHHon  b  paAHapHOHHyio. 

Ha  ocHOBe  aHajiH3a  nncjieHHbix  pe3yjibTaTOB  nojiyneHbi  3aBHCHMOCTH  cxopocra 
pacnpocTpaHeHHa  CBeTOAeTOHaqnoHHOH  bojihbi  b  3aBHCHM0CTH  ot  khtchcmbhocth 
na3epHoro  H3JiyneHHa  h  hjiothocth  Bosnyxa. 

noKa3aHo,  hto  c  noMombio  CBeTOAeTOHauHOHHoro  peacHMa  norjiomeHHa  jia3epHoro 
H3JiyneHHa  MoacHO  nonynaTb  npOTaaceHHbie  xaHanbi  noHHaceHHOH  hjiothocth,  BpeMa 
cymecTBOBaHHa  xoTopbix  cocTaBjiaeT  nopaAxa  1  c.  Taxne  xaHajibi  MoryT  Hcnojib30BaTbca 
AJia  CHHaceHHa  bojihoboto  conpoTHBJieHHa  Ten,  ABHacymnxca  co  CBepx-  h  THnep3ByxoBOH 
CXOpOCTbK). 
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SYSTEM  FOR  PARTICLES  PARAMETERS  MEASUREMENT  IN 
HIGH-SPEED  HETEROGENEOUS  PLASMA  STREAMS 

.S’.  V.Gorjachev,  E.H.  Isakaev,  V. N.  Senchenko,  V.F.  Chinnov,  V.  V.  Shcherbakov 

Joint  Institute  for  High  Temperatures  RAS,  psst@iop.org 

The  most  important  parameters  of  particles  in  heterogeneous  plasma  streams  are:  their 
sizes,  temperature  and  speed.  The  measuring  system  developed  with  reference  to  a  problem  of 
a  plasma  spraying,  allows  controlling  in  a  real  time  mode  key  parameters  of  spraying 
particles:  temperature,  speed,  the  individual  sizes  of  separate  particles  in  sub  -  and  a 
supersonic  plasma  stream.  And  on  statistically  average  sizes  the  system  can  supervise  process 
of  thermal  plasma  spraying  [1]  or  other  process  of  interaction  of  a  heterogeneous  stream  with 
a  target. 

System  uses  specific  CCD  matrix  which  provides  high  sensitivity  in  infra-red  spectral 
area  that  allows  to  register  the  image  of  the  plasma  stream  loaded  by  particles  with  an 
exposition  3-100  ps.  Step-by-step  digitizing  of  signals  from  CCD  matrix  gives  values  of 
intensity  of  radiation  in  each  element  of  a  matrix  which  are  used  for  definition  of  temperature, 
speed  and  diameter  of  a  particle.  The  temperature  of  particles  in  a  range  1000  -  3000°C  is 
defined  on  average  intensity  of  radiation  of  a  track  which  is  measured  in  a  narrow  spectral 
range.  The  range  of  measured  speeds  is  within  100  -  1200  m/s,  the  minimum  registered  size 
of  a  particle  is  10  pm. 

The  original  mathematical  algorithms  developed  for  processing  in  real  time  of  12  bit 
grey  images,  with  special  calibration  allow  measuring  speed  with  accuracy  1-2  %  and 
brightness  temperature  of  particles  with  accuracy  2-4  %.  Results  of  tests  have  shown  that  the 
system  possesses  good  sensitivity  to  changes  of  particles  parameters  in  the  course  of  a 
spraying  (a  current  of  an  arc,  the  expense  of  a  powder  of  aluminum  dioxide,  the  expense  and 
type  plasma  gas  etc.)  which  influence  temperature  and  speed  spraying  particles. 

To  determinate  key  parameters  of  a  moving  particle  (brightness  temperatures, 
diameter  and  speed)  from  the  received  digitized  images  of  tracks  the  special  software  which 
allows  to  recognize  automatically  in  real  time  "good"  particles  and  to  define  their  sizes  with 
subpixel  accuracy  is  developed. 

On  installation  for  a  thermal  spraying  with  use  plasmatron  with  extending  anode 
channel  measurements  of  speed  and  temperature  of  particles  in  the  established  subsonic  mode 
and  in  a  mode  of  plasmatron  current  change  have  been  made.  Speed  of  particles  in  the 
established  subsonic  mode  (particles  AI2O3  with  the  size  40-60  pm  were  investigated) 
changes  in  a  range  from  100  to  350  m/s  depending  on  a  current  of  an  arc,  expenses  plasma 
and  transporting  gases.  There  are  begun  researches  of  the  supersonic  flow  of  heterogeneous 
plasma  in  the  chamber  with  lowered  pressure.  Work  is  performing  with  RFBR  support  under 
the  project  N°  08-07-00252. 
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CHCTEMA  J\JVl  H3MEPEHHH IIAPAMETPOB  H ACT MU  B 
BWCOKOCKOPOCTHWX  TETEPOrEHHBIX  IIJIA3MEHHbIX 

nOTOKAX 


C.  B.  l  opn'ieu,  3.  X.  Hcamee,  B.  H.  CenneuKo,  B.  <Z>.  lIiiuuon,  R.  R.  IIIenOaKoa 

OSbe^HHeHHbiH  HHCTHTyT  BbicoKHX  TeMnepaTyp  PAH,  ysst(a),iop.ors 

HaH6ojiee  BaacHbiMH  napaMeTpaMH  nacran  b  reTeporeHHtix  njia3MeHHtix  noTOKax 
aBJiaKxrca:  hx  pa3Mepbi,  TeMnepaTypa  h  cxopocra.  H3MepHTejibHaa  cncTeMa,  pa3pa6oTaHHaa 
npHMeHHTeabHo  k  3aAane  njia3MeHHoro  HanbuieHHa,  no3BOJiaeT  b  peacHMe  peajibHoro 
BpeMeHH  KOHTpojiHpOBaTb  ocHOBHbie  napaMeTpbi  HanbiJiaeMbix  Hacrau;:  TeMnepaTypy, 
CKOpOCTb,  HH^HBH^yajIbHbie  pa3MepbI  OTAejIbHblX  HaCTHLi:  B  AO-  H  CBepX3ByKOBOM 
mia3MeHHOM  noTOxe.  A  no  CTaracranecxH  ycpeAHCHHbiM  BejiHHHHaM  cncTeMa  mokct 
KOHTpojinpoBaTb  npopecc  nna3MaTepMHHecxoro  HanbuieHHa  [1]  huh  hhoh  npouecc 
B3aHMOACHCTBHa  reTeporeHHoro  noraxa  c  mkhichbio. 

B  cHCTeMe  Hcnojib3yeTca  cnepnajibHaa  II3C  MaTpnua,  xorapaa  o6ecnennBaeT 
Bbicoxyio  HyBCTBHTejibHOCTb  b  HH(J)paxpacHOH  cnexTpaabHOH  o6aacTH,  hto  no3BoaaeT 
perncTpirpoBaTb  H3o6paaceHHe  3arpyaceHHOH  nacrapaMH  njia3MeHHOH  cTpyn  c  3xcno3Hu;HeH 
3-100  mxc.  noaneMeHTHoe  ou;Hc|)pOBbiBaHHe  cnmaaoB  II3C  Maipniibi  paeT  3HaneHHa 
HHTeHCHBHocTH  H3nyneHHa  b  xaacAOM  3jieMeHTe  MaTpnpbi,  xoTopbie  Hcnojib3yioTca  /pa 
onpenejieHHa  TeMnepaTypbi,  cxopocra  h  AnaMCTpa  nacranbi.  TeMnepaTypa  Hacrau,  b 
AHana30He  1000  -  3000°C  onpeAenaeTca  no  cpeAHen  HHTeHCHBHocTH  H3JiyneHHa  Tpexa, 
xoTopaa  H3MepaeTca  b  y3X0M  cnexTpaabHOM  AnanaaoHe.  /IpanaaoH  H3MepaeMbix  cxopocTen 
jioxht  b  npeAenax  100-1200  m/c,  MHHHManbHbiH  perHCTpnpyeMbiH  pa3Mep  nacrapbi 
cocTaBjiaeT  10  mxm. 

OpnrnHajibHbie  MaTeMaranecxHe  ajiropHTMbi,  pa3pa6oTaHHbie  AJia  o6pa6oTXH  b 
peanbHOM  BpeMeHH  12  6hthbix  cepbix  H3o6paaceHHH,  b  xoM6HHaii;HH  co  cnennajibHon 
xajiHSpOBXOH  no3BoaaiOT  H3MepaTb  cxopocTb  c  norpeniHOCTbio  ±1-2%  h  apxocTHyio 
TeMnepaTypy  nacran  c  norpeniHOCTbio  ±2-4%.  Pe3yjibTarai  HcnbrraHHH  noxa3ajiH,  hto 
cncTeMa  oSjraAaeT  xopomen  HyBcraHTejibHocraio  x  H3MeHeHHaM  napaMeTpoB  Hacrau  b 
npouecce  HanbineHHa  (Toxa  Ayrn,  pacxoAa  nopomxa  AByoxncH  amoMHHHa,  pacxoAa  h  rana 
njia3Moo6pa3yioni;ero  ra3a  h  t.a.),  xoTopbie  BjraaioT  Ha  TeMnepaTypy  h  cxopocTb 
HanbmaeMbix  Hacrau. 

flna  BbiaBjieHHa  ochobhbix  napaMeTpoB  jieTHiuen  Hacraubi  (apxocraoH  TeMnepaTypbi, 
AnaMeTpa  h  cxopocra)  H3  nojiyneHHbix  ouncjipoBaHHbix  H3o6paaceHHH  TpexoB  pa3pa6oTaHO 
cnennajibHoe  MaTeMaranecxoe  oSecneneHne,  xorapoe  no3BonaeT  b  peanbHOM  BpeMeHH 
aBTOMaranecxH  pacno3HaBaTb  “xoponiHe”  nacraubi  h  onpeAejiara  hx  pa3Mepbi  c 
cy6nHxcejibHOH  tohhoctbk). 

Ha  ycTaHOBxe  AJia  TepMHnecxoro  HanbineHHa  c  Hcnojib30BaHHeM  mia3MaTpOHa  c 
pacinnpaiomHMca  aHOAHbiM  xaHanoM  6buiH  npoBeAeHbi  H3MepeHHa  cxopocra  h 
TeMnepaTypbi  nacrap  b  ycTaHOBHBineMca  A03ByxoBOM  peacnMe  h  b  pencHMe  H3MeHeHHa  Toxa 
njia3MaTpoHa.  Cxopocra  nacrau  b  ycTaHOBHBineMca  A03ByxoBOM  peacHMe  (HccjieAOBajiHCb 
nacTHUbi  AI2O3  pa3MepOM  40-60  mxm)  H3MeHaeTca  b  npeAene  ot  100  ao  350  m/c  b 
3aBHCHMocra  ot  Toxa  Ayrn,  pacxoAOB  njia3Moo6pa3yioni:ero  h  TpaHcnopTHpyiomero  ra30B. 
Hanarai  HCCJieAOBaHna  CBepx3ByxoBoro  ncTeneHna  reTeporeHHon  iuia3Mbi  b  xaMepy  c 
noHHaceHHbiM  AaBjieHneM.  Pa6oTa  BbinojiHeHa  npn  noAAep>Kxe  PcpcDH  no  npoexTy  JVb  08-07- 
00252. 
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ON  A  PROBLEM  OF  CONVERGING  SHOCK  WAVE  STABILITY  IN 
TERMODYNAMICALLY  NON-IDEAL  MEDIA 

A.  V.  Konyukhov,  A.P.  Likhachev,  V.E.  Fortov 
Joint  Institute  for  High  Temperatures,  Russian  Academy  of  Sciences 

Converging  shock  waves  are  used  for  various  scientific  and  engineering  applications 
to  provide  strong  matter  compression  up  to  high  pressures  and  temperatures.  The  problem  of 
their  stability  has  long  since  been  the  focus  of  interest  of  researchers  due  to  its  practical 
importance  but  its  study  was  usually  conducted  for  thermodynamically  normal  media.  At  the 
same  time  it  is  clear  the  compressed  matter  becomes  strongly  non-ideal  and  their 
thermodynamic  properties  may  be  abnormal  as  shock  wave  is  approached  to  the  convergence 
center.  The  paper  presented  is  devoted  to  numerical  study  of  the  stability  of  converging  shock 
waves  in  media  with  arbitrary  thermodynamic  properties  taking  into  account  their  possible 
abnormality. 

The  simulation  has  been  conducted  using  the  TVD  finite  difference  scheme  and 
Glaister’s  type  approximate  Riemann  solver.  The  model  and  real  equations  of  state  has  been 
used  in  calculations.  The  behavior  of  the  converging  shock  waves  in  the  regions  of  their 
ambiguous  representation  and  the  neutral  stability  has  been  studied.  The  peculiarities  of  the 
problem  considered  connected  with  the  shock  wave  convergence  have  been  analyzed.  The 
dependence  of  the  final  compression  value  from  the  initial  shock  wave  intensity  (i.e.,  its 
position  on  Hugoniot  curve)  has  been  investigated. 

K  HPOEJIEME  YCTOHHHBOCTH  CXCWHIJMXCfl  Y^APHLIX 
BOJIH  B  TEPMO^HHAMHHECKH  HEH^EAJILHLIX  CPE^AX 

A.B.  Kouwxoe,  A.II.  Jluxanee,  B.E.  @opmoe 

06'be/iHHeHHbiii  MHCXMxyx  bbicokhx  TeMnepaxyp,  PAH 

Cxo^amneca  y^apHtie  bojihbi  HcnojiB3yioTca  bo  mhothx  HayuHtix  h  HHaceHepHBix 
npHJioaceHHflx  jui%  ciuitHoro  cacaraa  BeipecTBa  ao  bbicokhx  iHaueHuh  ^aBJieHna  h 
TeMnepaTypBi.  B  cnjiy  npaKTHuecKon  BaacHocTH  npodneMa  hx  ycTOHHHBocTH  .qaBHo 
Haxo,a;HTca  b  ueHTpe  BHHMaHHa  HCCJie^OBaTejieii,  ho  ee  aHajiH3  o6bihho  orpaHHHHBaeTca 
HOpMajIBHBIMH  B  TepMOflHHaMHHeCKOM  CMBICJie  Cpe^aMH.  B  TO  ace  BpeMa  OHeBH^HO,  HTO  no 
Mepe  cxoaqjeHHa  y^apHoii  bojihbi  k  ueHTpy  cacHMaeMaa  cpe^a  CTaHOBHTca  cymecTBeHHO 
Hen^eajiBHOH,  a  ee  TepMOAHHaMHuecKHe  cBoftcTBa  MoryT  6bitb  aHOMajiBHBiMH. 
IIpeacTaBJieHHaa  padoTa  nocBameHa  HHCJieHHOMy  HceaeflOBaHHio  ycToiiiHBOCTH 
CXOAamHXCa  y^apHBIX  BOJIH  B  cpe^ax  C  npOH3BOJIBHBIMH  TepMOflHHaMHHeCKHMH  CBOHCTBaMH 
C  yueTOM  HX  B03M0aCH0H  aHOMajIBHOCTH. 

MoAejinpoBaHue  npoBOAHJiocB  c  HcnojiB30BaHHeM  TVD  KOHeuHopa3HocTHOH  cxeMBi  h 
6jiH3Koro  k  npefljioaceHHOMy  TjiaHCTepOM  npHdjiHaceHHoro  anropHTMa  pemeHHa  aa^ann  o 
pacna^e  pa3pBiBa.  B  pacueTax  HcnojTB30BajiHCB  Mo^ejiBHoe  h  peajiBHBie  ypaBHeHHa 
cocToaHHa.  Bbijio  npoBe^eHO  HCCJie^OBaHne  noBe^eHHa  cxo/iamuxca  y^apHbix  bojih  b 
odjiacTax  hx  HeoAH03HauHoro  npe^cTaBaeHHa  h  HeifrpajiBHOH  ycToibiHBocTH.  npoBe^eH 
aHaaH3  oeo6eHHOCTeH  paccMaTpHBaeMOH  npodneMbi,  CBa3aHHBix  co  cxoayaeHneM  y^apHBix 
BOJIH,  H3yueHa  3aBHCHMOCTB  BejIHHHHBI  KOHCHHOrO  eacaTHa  OT  HauajIBHOH  HHTeHCHBHOCTH 
3a^aBaeMOH  y^apHOH  bojihbi  (ee  nonoacemia  Ha  yzjapHOH  a^nadaTe). 
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RESEARCH  OF  A  BALL  LIGHTING  IN  THE  FIELD  OF  ITS  ORIGIN 
AND  ABNORMAL  PASSAGE  OF  A  BALL  LIGHTNING  THROUGH 

ABSORBERS 


A.G.Oreshko 

Moscow  Aviation  Institute  (Technical  University).  Volokolamskoye  Shosse  4,  125871  Moscow,  Russia.  E-mail: 

Oreshko  Alex&mail.ru 


A  ball  lightning  phenomenon  has  attracted  attention  of  researchers  for  a  quarter  of 
millennium.  A  great  number  of  papers  are  dedicated  to  this  phenomenon,  where  efforts  are 
made  to  give  a  theoretical  explanation  to  causes  of  its  generation,  structure  and  essential 
lifetime.  A  common  feature  for  all  models  is  the  fact  that  ball  lightnings  are  generated  at  an 
electrical  discharge  in  the  atmosphere.  In  a  number  of  cases  they  were  observed  even  on 
board  an  aircraft.  It  should  be  noted  that  aircraft  powerplant  parameters  considerably  give  in 
to  those  of  an  electric  discharge  that  takes  place  in  the  atmosphere.  A  cause  of  a  ball  lightning 
appearance  inside  an  aircraft  remains  unclear. 

The  experiments  were  carried  out  at  “Prometeus”  test  installation.  The  installation  for 
large  ball  lightning  generation  comprises  main  and  auxiliary  capacity  storage,  a  discharge 
cell,  diagnostics  means,  high-voltage  sources  and  commutation  units.  Cell  commutation  was 
effected  by  a  plasma  gun  actuated  by  a  start  unit  on  the  basis  of  a  high-voltage  thyratron  TGI- 
325/16.  A  discharge  cell  was  two  type  domaintrons  designed  by  the  author.  The  main 
objective  in  developing  domaintrons  was  to  obtain  a  high  factor  of  electric  energy  conversion 
stored  in  the  capacitor  to  electromagnetic  radiation  energy.  A  principle  of  domaintron 
operation  is  based  on  the  effect  of  energy  conversion  to  electromagnetic  radiation 
experimentally  discovered  and  theoretically  substantiated  by  author. 

At  the  tests  a  standard  set  of  diagnostics  means  was  used  that  was  usually  admitted  in 
high-current  pulse  electronics.  The  voltage  applied  to  cell  electrodes  was  measured  by  ohmic 
divisor,  pulse  current  -  by  means  of  Rogovsky  loop.  A  discharge  current  was  always  more 
than  a  few  tens  of  kiloampere.  There  was  luminescence  registration  with  space  and  time 
resolution  made.  X-ray  and  microwave  radiation  were  also  registered.  A  longitudinal 
component  of  fast  particles  energy  in  the  zone  of  propagation  is  100  keV.  With  a  ventilation 
orifice  open  in  the  field  of  a  laboratory  ceiling  a  ball  lightning  was  tending  to  enter  that 
orifice.  In  case  of  a  grounded  hanging  downward  metal  wire  installed  at  the  ceiling  a  ball 
lightning  collapsed  at  the  contact  with  it.  With  a  glass  sheet  7  mm  thick  placed  at  the  distance 
of  120  cm  from  a  domaintron  plane  transverse  to  ball  lightning  motion  direction,  its  passage 
through  the  glass  was  seen.  A  ball  lightning  obtained  has  properties,  which  typical  for  ball 
lightnings  existing  in  Nature.  By  method  of  sequential  approximations  and  search  a 
phenomenon  was  a  success  to  reproduce  that  is  present  in  atmospheric  electric  discharges. 

Plexiglas,  textolite  and  aluminum  absorbers  were  also  installed.  In  every  case  the 
intensity  of  luminosity  reduction  was  observed  after  passage  a  ball  lightning  through  an 
absorber.  The  experiments  of  passing  through  aluminum  2  mm  thick  allowed  to  determine  an 
azimuth  electron  energy  of  an  external  ringular  layer  of  a  ball  lightning  equal  to 
approximately  350  keV.  Ball  lightning  absorber  penetration  experiments  give  ground  to 
believe  that  a  value  of  azimuth  velocity  component  is  sufficient  for  balance  force  function 
and  considerable  lifetime.  Maximum  velocity  is  typical  for  electrons  in  the  equatorial  part  of 
a  ringular  layer.  The  electron  current  in  an  external  ringular  layer  is  considerably  surpassing 
the  ion  one  and  gives  birth  to  poloidal  magnetic  field.  An  effect  of  ball  lightning  passage 
through  absorbers  is  explained 
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HCCJIE^OBAHHE  HIAPOBOH  MOJIHHH  B  OBJIACTH  EE 
3AP02K,ZJEHHfl  H  AHOMAJIbHOE  nPOXO^EHHE  IIIAPOBOH 
MOJIHHH  HEPE3  nOrJIOTHTEJIH 

A.r.OpeiuKo 

MoCKOBCKHH  aBHaLlHOHHbJH  HHCTHTyT  (TeXHHHeCKHH  yHHBepCHTeT).  BojIOKOJiaMCKOe  rnocce,  4,  MoCKBa, 

Pocchh.  E-mail:  Oreshko  Alex@mail.ru 

-HBnemie  mapoBOH  mojihhh  npHBjieKaeT  BHHMaHHe  HccaeaoBaTeaeH  neTBepTb 
TbicaneaeTHa.  Bojibinoe  hhcho  pa6oT  nocBameHO  3TOMy  (JteHOMeHy  b  kotophx  caeaaHbi 
ycHjiHa,  hto6bi  aaTb  TeopeTHnecKoe  oObacHeHne  cayaaeB  ee  reHepapHH,  cTpyKTypbi  h 
3HaHHTejibHoro  BpeMeHH  xch3hh.  06maa  oco6eHHOCTb  Bcex  Moaeaeii  coctoht  b  tom,  hto 
mapoBbie  mojihhh  reHepnpyioTca  b  snenpHHecKHx  pa3paaax  b  aTMoccjjepe.  B  paae  caynaeB 
ohh  HaSaioflajiHCb  aaace  Ha  6opTy  caMOJieTOB.  CaeayeT  otmcthtb,  hto  napaMeTpbi 
3HeproycTaHOBOK  caMoaeTa  3HaaHTeabHo  oTanaaioTca  ot  napaMeTpoB  b  saeKTpHnecKOM 
paipaae  b  aTMOCtjiepe.  IIpHHHHa  noaBaeHHa  mapoBOH  MoaHHH  BHyTpH  caMoaeTa  ocTaeTca  He 
BbiaCHeHHOH. 

3KcnepHMeHTbi  BbinoaHaancb  Ha  ycTaHOBKe  “IIpOMeTeH”.  YeraHOBKa  aaa  reHepauHH 
6oabHIHX  HiapOBbIX  MOaHHH  COCTOHT  H3  OCHOBHOTO  H  BCnOMOTaTeabHOTO  eMKOCTHbIX 
HaKonHTeaeH,  pa3paaHOH  hhcmkh,  cpeacTB  anarHOCTHKH,  hctohhhkob  bbicokoto 
HanpaaceHHa  h  6aoKOB  3anycKa.  KoMMyraijHa  paipaaHoii  anefiKH  ocymecTBjiaaacb 
naa3MeHHOH  nyimcoH,  KOTOpaa  3anycKaaacb  c  noMombio  6aoi<a  nycxa  Ha  ochobc  THpaTpOHa 
TTH 1-325/1 6.  B  KanecTBe  pa3paaHOH  aneftKH  Hcnoab30BaaHCb  aaa  rana  aoMeHOTpoHOB, 
KOTOpbie  CKOHCTpyHpOBaHbl  BBTOpOM.  OCHOBHaa  Heab  npH  C03aaHHH  aOMCHOTpOHOB 
3aKaioHaaacb  b  noayneHHH  bbicokoto  K03(})4)Hu;HeHTa  npeo6pa30BaHHa  3HeprHH  b 
HaKonHTeae  b  3HcprHio  saeKTpOMarHHTHoro  HiayacHHa. 

npHHIIHn  aeHCTBHa  aOMCHOTpOHa  OCHOBaH  Ha  3(J)C|)eKTe  KOHBepCHH  SHepTHH  B 
saeKTpoMarHHTHoe  H3HyHemie,  KOTopbift  6bia  3KcnepHMeHTaabHo  o6HapyaceH  h 
TeopeTHnecKH  oObhchch  aBTOpOM. 

B  3KcnepHMeHTax  Hcnoab30Baaca  cTaHaapTHbift  Ha6op  cpeacTB  anarHocTHKH, 
KOTOpblH  npHHaTO  HCn0ab30BaTb  B  CHHbHOTOHHOH  HMnyabCHOH  SaeKTpOHHKe.  ripHaOKCHHOC 
k  saeKTpoaaM  aneftKH  bbicokoc  Hanpaaceime  H3Mepaaocb  omhhcckhm  aeaHTeaeM,  HMnyabc 
Toxa  -  nocpeacTBOM  noaca  Potobckoto.  Pa3paaHbift  tok  Bceraa  npeBbimaa  HecKoabKO 
aecaTKOB  KHaoaMnep.  PerHCTpnpoBaaocb  cbchchhc  naa3Mbi  c  BpeMeHHbiM  h 
npocTpaHCTBeHHbiM  pa3pemeHHeM.  Pchttchobckoc  (T0pM03H0e)  h  CBH  -  H3ayHeHHe  Taioxe 
perncTpHpoBaaHCb.  IIpoaoabHaa  KOMnoHeHTa  thcpthh  6bicTpbix  nacTHtj  b  30He 
pacnpocipaHeHHa  paBHa  100  kiB.  npH  otkpbitom  bchthhhijhohhom  otbcpcthh  b  30He 
noToaxa  mapoBaa  MoaHHa  nbiTaeTca  bohth  b  oTBepcTHe.  B  cayaae  ycTaHOBaeHHoro  Ha 
noToaKe  h  HanpaBaeHHoro  bhh3  3a3eMaeHHoro  MeTaaaHHecKoro  npOBoaa  mapoBaa  MoaHHa 
pa3pymaeTca  npn  KOHTaKTe  c  npoBoaoM.  Ilpn  ycTaHOBKe  ancTa  CTexaa  ToamHHoft  7  mm  Ha 
paccToaHHH  120  cm  ot  naocxocTH  aOMCHOTpOHa  nepneHaHKyaapHO  k  HanpaBaeHHio 
aBH>KeHHa  mapoBOH  MoaHHH,  Ha6aioaaeTca  ee  npoxoacaeime  nepe3  CTeKao.  IIoayHeHHaa 
mapoBaa  MoaHHa  HMeeT  CBoftcTBa,  KOTOpbie  xapaKTepHbi  aaa  mapOBbix  MoaHHft 
Ha6aioaaeMbix  b  IIpHpoae.  MeToaoM  nocaeaoBaTeabHbix  npnOaHaceHHH  h  noncKa  6biao 
ycneniHO  BOcnpOH3BeaeHO  aBaeHne,  KOTOpoe  HMeeTca  b  aTMOCcftepHbix  aaeKTpHnecKHx 
pa3paaax. 

YcTaHaBanBaancb  Taioxe  noraoTHTean  H3  naeKcnraaca,  TeKCToaHTa  h  aaiOMHHHa.  B 
KaacaoM  caynae  Ha6aioaaaocb  cmiaceHHe  HHTeHCHBHocTH  cBeneHna  nocae  npoxoacaemia 
mapoBOH  MoaHHH  Hepe3  noraoTHTeab.  SKcnepHMeHTbi  no  npoxoacaerono  nepei  noraoTHTeab 
H3  aaiOMHHHa  Toammioft  2  mm  no3BoaHaH  onpeaeaHTb  a3HMyTaabHyio  sHeprHio  saeKTpoHOB 
b  KoabijeBOM  HapyiKHOM  caoe  mapoBoft  MoaHHH,  KOTOpaa  npn6aH3HTeabHO  paBHa  350  ksB. 
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3KcnepHMeHTbi  no  npoxoacflemno  mapOBon  mojihhh  nepe3  noraoTHTejin  naiOT  ocHOBaHna 
nonaraTb,  hto  3HaneHne  a3HMyTajn>Hon  KOMnoHeTbi  ckopocth  aBJiaerca  nocTaTOUHbiM  naa 
6aaaHca  cmji  n  3HannTeabHoro  BpeMeHH  >xh3hh.  MaKCHMyM  cxopocra  hmciot  ojiexTpoHbT  b 
SKBaTOpnajibHOH  uaera  xojibneBoro  cnoa.  SjiexipoHHbin  tok  bo  BHenmeM  xojibijeBOM  cnoe 
3HanHTeabHo  npeBocxonHT  noHHbin  n  nopoacnaeT  nononnajibHoe  MaranTHoe  none. 
OSbacHaeTca  3c|)(J)eKT  npoxoacneHna  mapOBon  MoaHHH  nepes  noraoTHTean. 


ONE  MORE  NON-THERMAL  SPACEECRAFT  DESIGN  SCHEME 

©  Valentine  A.  Belokogne,  Moscow,  Russia  2008 
Academia  Cosmonautica,  RANS,  ICAD  RAS,  Academy  of  Futures  Research 

ioran@ocean.ru 

As  far  as  the  conditions  B2/8a  »  nkT  are  realizable,  the  non-thermal  machines  are 
feasible  in  general,  and  in  the  form  of  “cold”  rocket  systems  in  particular. 

Let  imagine  the  break  off  some  material  block  into  two  subblock  of  the  same  mass,  and  the 
same  “exhaust”  velocity  V,  and  then  one  of  the  blocks  (“head”)  fissed  with  the  same  scenary, 

i.e.  to  fly  with  the  velocity  (in  our  inertial  system)  2Vand  so  on . latest  “head”  accelerated 

to  velocity  KV=U. 

We  have  here  ariphmetic  progression  for  the  velocity,  an  geometric  one  for  the  mass, 
evidently. 

Then,  by  the  mathematical  induction  we  have  U  =  Flog2[m(t=0)/m(t)],  {like  on 
Ciolkovsky}  i.e.  rocket  with  the  higher  efficienely  than  traditional,  and  accelerated 
periodically  by  the  MHD  “explosions”  of  B2/87t. 

nPHMEP  HETEnjIOBOH  PAKETLI 

©  B.A.  EenoKOHb,  Mockhu,  Poccuh 
<AxaneMna  KocMOHaBTHKH  PAEH,  HHcnnyT  OKeaHOJiornn  PAH> 

belok@pisem.net 

B  CB33H  c  npoqeccaMH,  nponcxonamnMH  npn  B  /8ji  »  nkT,  npencTaBjraeTca 
peajiH3yeMon  «xojionHaa»  paxeTa  cuenyioinero  xnacca. 

Boo6pa3HM  nocjie^oBaTenbHbie  axTbi  pacxajibiBaHna  nononaM  6jiokob, 
pa36pacbiBaeMbix  b  npOTHBononoacHbie  CTOpOHbi  co  cxopocTaMn  «Bbixjiona»  +  ,  npnneM  b 

3a^aHH0M  HanpaBjreHHH  nnymnn  xpanHHM  6jiok  cHOBa  n  cHOBa  pacxanbiBaeTca  (3a  cneT 
BKjnoneHna  pacKajibiBaeMoro  MamHTHoro  naBJieHna  B  /871),  BrniOTb  no  nojiyneHna  K-Toro 
(«nojie3Hbin  rpy3»),  npno6peTaioiii;ero  yKa3aHHbiM  cnoco6oM  cxopocTb  k _ =  . 

TaxHM  o6pa30M,  cxopocTb  HadnpaeTca  b  apncj)MeTHHecxoH  nporpeccnn,  a 
ycxopaeMaa  Macca  m(t)  B03pacTaeT  3xcnoHeHnnajibHo,  oTxyna  nojiynaeTca  cnepn^HHecxaa 
Monn(j)HKau;Hfl  cftopMyjibi  U,nojixoBCxoro  U  =  V  log  {m(t=0)/m(t)}. 

Taxaa  paxeTa  odnanaeT  noBbimeHHbiM  Kfl/1. 
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ON  THE  REFINED  ASSESSMENT  OF  THE  ONE-PHOTON  ENTROPY 

©  Valentine  A.  Belokogne,  Moscow,  Russia  2008 
Academia  Cosmonautica,  RANS,  ICAD  RAS,  Academy  of  Futures  Research 

ioran@ocean.ru 

The  unique  peculiarity  of  any  photon,  belonged  to  electromagnetic  radiation  in  heat 
equilibrium,  consists  in  the  temperature  independence  (asile  of  0°K)  for  the  mean  one-photon 
entropy. 

{ S (N)/<N >} photon  =  S(N)/<6N>  ~  3.6k  =>  N  ^  const  (!)  -  remarkable  (i.e.  ecologically) 
entropy  single  one  step  quantization. 

Meanwhile  the  one-molecular  entropy  of  the  Boltzmann  heat  equilibrium  gas  (N  =  const): 
(S/N)Boitz  ~  k  ln{T1/2(  /N)1/3/h}  — ►  co  at  T  — ►  co. 

Instead  of  forever  interacting  material  (i.e.  of  Boltzmann)  molecules,  the  photons  are 
noninteracting  mutually  (in  spite  of  Einstein  position  [1909])  -  until  the  light  intensity  I  < 
It)22'24  W/cm2). 

Therefore,  the  photon  entropy  appears  (and  decreases)  only  by  an  «extemal»  factors. 

The  novel  hi-tech  process  of  photon  entropy  transfer  -  the  laser  cooling  (especially  by  the 
coherent  and  zero-temperature  part  of  a  laser  beam)  is  very  interesting  for  a  flying  machines 
aerodynamics  (author  and  Alexander  Karaboutov  [1992],  andalso  with  Oleg  Rudenko  and 
Rem  Khokhlov  [1977]).  This  technology  is  fundamentally  connected  with  mentioned  photon 
physics  deserved  the  following  piece  of  the  principles  in  statistical  thermodynamics  (Terrel 
Hill  [1960],  Bose  [1923],  Plank  [1900]): 

Ephot  =  (3/4)  ST  =  3pV  =  (487rhc)  (AT/hc)4  £( 4); 

<N>Phot=  16^(3)(/fT/hc)  V,  where  Riemann  functions  (J(3)  =  1.2020569032,  £(4)  =  tt4/90  => 
S/<N>£  =  4£(4)/£(3)  =  (6/5)(tt4/27)/^(3)  =  3.6015707... 

YTOHHEHHE  OIJEHKH  Y^EJILHOH  (THE  MEAN  ONE-PHOTON) 
3HTPOHHH  KBAHTOB  3JIEKTPOMATHHTHOTO  nOJIH  nPH 
JIOKAJIBHOM  TEPMO^HHAMHHECKOM  PABHOBECHH 

©  BaaenmuH  A.  EenoKonb,  Mocuea,  Poccun  2008 
<  Ak'aAeMHfl  KocMOHaBTHKu,  PAEH,  Hhcthtyt  oKeaHonormi  PAFI  > 
belok@pisem.net 

YmiKajibHaa  (JtyHnaMeHTanbHaa  ocodeHHOCTb  KBaHTOB,  noKanbHO  paBHOBecHoro 
(LTE)  aneKTpoMarHHTHoro  u3JiyueHHa  (icaic  h  hhbix  6e3MaccoBbix  6o30hob  b  TennoBOM 
paBHOBeCHH  -  (jtOHOHOB  H  T-fl.)  COCTOHT  B  TeMnepaTypHOH  He3aBHCHMOCTH  epe^HCH 
OAHO(j)OTOHHOU  3HTponHH.  CoOTBeTCTBytOUtUH  «O^HOCTyneHHaTbIH»  KBaHT  3HTponHH  Taxoro 
utJiyueHua  paBeH 

S(Nphot)/<Y>h  {S/  <5N>}phot ~  3.6 A, 

T.e.  TeMnepaTypHo  HHBapnaHTeH  (/to  T=0°K)  -  b  oTjutnue  ot  cpe^HeH  o^HOMoneKyjiapHoft 
SHiponnH  (jtepMHOHOB  h  uacTim  6ojibUMaHOBOu  CTaTHCTHKH.  Eonee  Toro,  B 
npoTUBonojio>KHOCTb  B3auMOAeucTByK)utHM  «MaTepnajibHbiM»  uacTuuaM  y  (])otohob 
BsauMO/teucTBue  npaKTHuecKue  He  npoaBJiaeTca  ^o  ~  10  Bt/cm  ,  T.e.  hx  SHTponna 
reHepHpyeTca  «BHeuiHHMH  npuuHHaMu».  Hobbim  MexaHH3MOM  3HTponH3au;HH  (})otohob  (T.e. 
cooTBeTCTBytomero  «c|)a30Boro  nepeMemHBaHHa»)  aBJiaeTca  aa3epHoe  oxaaatneHue  cpe/t, 
OT^aiOHtHX  CBOHD  3HTponHK)  a6cOJIK)THO  XOBO^HOH  (0°K)  KOTep  eHTHOH  (Sphot=0) 
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cocTaBJiaiomeH  na3epHoro  Jiyua.  3to  aieryajibHO  ^Jia  aapo^HHaMHKH  (aBTOp  h  Aneiccaimp 
Kapa6yTOB:  Mry  1992). 

HncjieHHoe  3HaueHne  (JjyH^aMeHTajitHOH  BejiHHHHbi  (})OTOHHoro  KBaHTa  3HTponmi, 
TepaeMoro  npn  jia3epHOH  reHepaimn  h  npHo6peTaeMoro  npn  na3epHOM  oxjia>K,aeHMM 
cjie^yeT  H3  Teopnii  IIjiaHKa  [1900]  h  Eo3e  [1923]: 

Eplank=3  ST/4=3p  V =48;r(kT)4  V^(4)/(hc)3 ; 

<Nph„t>  =  1 6ti^(3)(AT /he)3  V , 

rue  (|)vhkij,ii}i  PiiMaHHa  ^(4)  =  it4 19 0,  £(3)  =  1.2020569032 
=>{S/<N>  k  }phot=4^(4)/^(3)  =  (6/5)(tt4/27)/^(3)  s  3.6015707... 


SHOCK  -  WAVE  FRAMES  BEFORE  A  BODY  AT  EFFECT  ON 
FILLING  HYPERSONIC  FLOW  COUNTER  LASER  RADIATION 

Yuriev  A.S.,  Pirogov  S.  Yu.,  Filatov  A.  V.,  Typaev  V.  V. 

MSA  by  A.F.  Mozhajsky,  St.-Petersburg,  Russia 

Within  the  framework  of  model  inviscid,  equilibrium,  beaming  gas  the  numerical 
research  of  hypersonic  flow  past  of  a  cylindrical  body  with  flat  nose  butt  end  is  made.  The 
effect  on  a  ram  airflow  of  a  laser  radiation  was  modelled  by  a  beam  with  Gauss  distribution  of 
intensity,  directional  towards  to  a  flow  is  on  line  to  a  body.  The  carry  of  radiation  was 
allowed  in  a  diffusive  approaching.  The  gas  dynamics  equations  systems  was  decided  by 
Godunov  method  together  with  an  equation  of  carry  of  radiation.  Last  was  decided  by  a 
method  «a-P»  prorates  / 1  /.  The  nine-groups  model  of  absorption  coefficients  of  air  was  used. 

As  varied  parameters  were  selected  power  of  a  laser  radiation,  density  of  air  and  Mach 
number  of  a  undisturbed  flow.  In  a  findings  of  investigation  of  influencing  of  these 
parameters  on  shock  layer  near  to  a  flat  body  a  some  features  both  in  frames  of  shock  layer, 
and  in  the  process  of  their  formation  was  detected.  So  in  studied  range  of  varied  parameters 
was  established,  that  at  a  fixed  Mach  number  of  a  undisturbed  flow,  different  powers  of  a 
laser  radiation  and  density  of  air  the  formation  of  two  modes  of  shock  layers  is  possible: 

-  shock  layer  with  a  curvilinear  head  shockwave,  internal,  almost  straight-line  oblique 
shock  wave  and  circulating  zone  behind  it; 

-  shock  layer  with  a  curvilinear  head  shockwave  and  extended  subsonic  zone  behind  her 
with  a  heat  and  low  gas  density. 

For  number  M=10,  density  of  air  in  a  undisturbed  flow  conforming  altitude  of  20  kms, 
and  moderate  powers  of  a  laser  radiation  the  formation  of  the  marked  above  shock  -  wave 
frames  has  appeared  possible  only  under  condition  of  a  task  on  an  axis  of  a  hot  airflow  of 
small  ardent  area  with  temperature  T=1.73b.  At  the  same  time  at  smaller  density  of  air,  but 
large  Mach  numbers  (M=20),  has  appeared,  that  in  a  task  of  such  area  there  is  no  necessity. 
An  in  this  case  initiation  role  of  hot  area  execute  gasdynamic  gears,  which  conditioned  in  high 
temperature  and  density  of  inhibition,  conforming  to  very  large  Mach  numbers.  The  marked 
features  can  appear  relevant  for  implementation  of  energy  methods  of  control  of 
streamlining. 

1.  Chetverushkin  B.N.  Mathematical  modelling  of  problems  of  radiative-gas  dynamics,  M., 
"«Nauka",  1985. 
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y^APHO-BOJIHOBME  CTPYKTyPW  IIEPE#  TEJIOM  nPH 
B03,3,EHCTBHH  HA  HABErAIOH^HH  rfflIEP3ByKOBOH  nOTOK 
BCTPEHHOrO  JIA3EPHOrO  H3JIYHEHHH 

fOubeti  A.C.,  l hip o cot;  C.K).,  <Dwiamoe  A.B.,  Tunaee  B.B. 

BKA  hm.  A.  <I>.  Mo'/KaiicKoio.  CaHKT-FIeTep6ypr,  Pocchh 

B  paMKax  MOAejTH  HeBa3xoro,  paBHOBecHoro,  H3JiyHaiomero  ra3a  BbinojmeHo 
HHCJieHHoe  HCCne^OBaHHe  rHnep3ByKOBoro  o6TexaHHa  pHJiHH.upHHecxoro  Teaa  c  iijiockhm 
hocobbim  TopqoM.  Bo3^eHCTBHe  Ha  Ha6eraK»Hi:HH  noTOK  jia3epHoro  H3JiyueHHa 
MOflejiHpOBanocb  nyuoM  c  rayccoBCKHM  pacnpeaejieHHeM  hht6hchbhocth,  HanpaBJieHHbiM 
HaBCTpeny  noToicy  coocho  Tejiy.  IlepeHoc  H3JiyHeHHa  yuHTbiBaaca  b  AH(j)c^y3HOHHOM 
npHSjiHaceHHH.  CncTeMa  ypaBHeHHft  rasoBoft  ^HHaMHKH  pemajiacb  MeTO^OM  C.K.To,ayHOBa 
coBMecTHo  c  ypaBHeHHeM  nepeHoca  H3JiyHeHHa  .  IIocjie^Hee  pemaaocb  mctoaom  «a-P» 
nporoHKH  [1],  Hcnojib30Banacb  aeBATMrpynnoBax  MO^ejib  K03c|)(J)HLi:HeHT0B  norjiomeHHx 
B03Ayxa. 

B  KanecTBe  BapbHpyeMbix  napaMeTpOB  Sbijih  BbidpaHbi  mohihoctb  jia3epHoro 
H3nyHeHHa,  njioTHocTb  B03Ayxa  h  hhcjio  Maxa  HeB03MymeHHoro  noToxa.  B  pe3yjibTaTe 
HCCJieaoBaHHa  bjihahh a  sthx  napaMeTpOB  Ha  yaapHbift  cnoft  b6jih3h  njiocKoro  Topua  6biJi 
BbiaBjieH  p jm  oco6eHHocTeft  xax  b  cTpyKTypax  yzjapHoro  cjioa,  Tax  h  b  caMOM  npoqecce  hx 
(JtopMHpoBaHHa.  Tax  b  HCCJieflOBaHHOM  auanasoHe  BapbHpyeMbix  napaMeTpOB  6biJio 
ycTaHOBjieHo,  hto  npn  cpHxcHpoBaHHOM  HHCJie  Maxa  HeB03MymeHHoro  noToxa,  pa3JiHHHbix 
Mom,HOCTax  Jia3epHoro  HiJiyueHMX  h  njiOTHOCTax  B03^yxa  bo3moacho  tftopMHpOBaHHe  aeyx 
THnoB  y^apHbix  cjioeB: 

-  y^apHOTO  CJlOa  C  XpHBOJIHHeftHOft  TOJIOBHOft  yflapHOft  BOJIHOft,  BHyTpeHHHM,  nOHTH 
npaMOJiHHeftHbiM  xocbim  cxanxoM  ynjiOTHeHHA  h  pHpxyjiapHOHHoft  30hoh  3a  hhm; 

-  y^apHoro  cjioa  c  XpHBOJIHHeftHOft  tojiobhoh  yzjapHoft  bojihoh  h  npOTaaceHHoft 
^03ByxoBoft  30hoh  3a  Heft  c  Bbicoxoft  TeMnepaTypoft  h  HH3xoft  njioTHocTbio  ra3a. 

flna  HHCJia  M=10,  njiOTHOCTH  B03jiyxa  b  HeB03MymeHH0M  noTOxe,  cooTBeTCTByiomeft 
BbicoTe  20  xm,  h  yMepeHHbix  MouiHocTeft  jia3epHoro  H3JiyHeHHa  (J)opMupoBaHue  oTMeueHHbix 
Bbirne  y^apHO-BOJiHOBbix  CTpyxTyp  oxa3anocb  bobmoachbim  tojibxo  npn  ycjiOBHH  3ajiaHHA  Ha 
och  HaSeraioiiiero  noToxa  He6ojibinoft  ropaueft  o6jiacTH  c  TeMnepaTypoft  T=1.73b.  B  to  ace 
BpeMA  npn  MeHbiHHx  njiOTHOCTax  B03^yxa,  ho  SojibiHHx  HHCJiax  Maxa  (M=20),  oxa3ajiocb, 
HTO  B  3a^aHHH  Taxoft  o6jiaCTH  HeT  HeoSxOAHMOCTH.  B  3TOM  CJiynae  HHHIJHHpyiOIIiyK)  pojlb 
ropaueft  odnacTH  BbinojiHaiOT  rasojinHaMHiecxHe  MexaHH3Mbi,  o6ycjiOBJieHHbie  bbicoxhmh 
TeMnepaTypoft  h  mioTHocTbio  TopMoacemia,  cooTBeTCTByiomHMH  oneHb  6ojibuiHM  HHCJiaM 
Maxa.  OTMeneHHbie  oco6eHHOCTH  MoryT  oxa3aTbca  BaacHbiMH  juia  peajiH3au;HH 
3HepreTHnecxHx  cnoco6oB  ynpaBueHna  o6TexaHHeM. 

SHOCK  -  WAVE  FRAME  ON  AN  INPUT  OF  EXTERNAL 
COMPRESSION  INLET  AT  ENERGY  SUPPLY  IN  SUPERSONIC 

UNDISTURBED  FLOW 

Pirogov  S.  Yu.,  Yuriev  A.S.,  Makhrov  A.S.,  Typaev  V.  V. 

MSA  by  A.F.  Mozhajsky,  St.-Petersburg,  Russia 

The  fissile  activities  on  research  of  influencing  energy  supply  on  aerodynamics  and 
streamlining  of  perspective  super-  and  hypersonic  flight  vehicles  are  now  conducted.  One  of 
directions  in  the  given  area  is  the  research  of  influencing  energy  supply  on  the  characteristics 
of  input  units  -  inlets. 
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At  flight  on  super-  and  hypersonic  velocities  application  of  conventional  methods  of 
control  of  shock  -  wave  frame  are  still  practically  impossible. 

To  the  present  time  some  activities  are  appear,  which  one  demonstrate  a  capability  of 
control  of  shock  -  wave  frame  in  an  input  unit  with  the  help  energy  supply  in  a  filling  flow 
[1,2]. 

At  research  of  influencing  on  flow  in  an  input  unit  it  is  necessary  to  esteem  two 
aspects.  At  first,  application  energy  supply  for  control  of  streamlining  of  members  of  a  design 
hypersonic  flight  vehicles,  such  as  the  nose  and  bearing  surfaces,  results  in  formation  of  a 
thermal  layer,  which  one  can  influence  flow  parameters  of  the  air  intake  on  a  design  regime, 
and  that  most  to  worsen  parameters  of  an  input  unit.  Secondly,  can  be  used  as  an  effective 
enough  means  for  regulation  of  activity  on  off-design  modes. 

In  paper  within  the  framework  of  model  of  ideal  inviscid  gas  the  research  of 
influencing  energy  supply  on  shock  -  wave  frame  in  an  input  of  external  compression  inlet  on 
a  design  regime  of  activity  is  executed. 

Is  rotined,  that  energy  supply  in  a  filling  undisturbed  flow  can  be  used  for  change  of 
shock  -  wave  frame  arising  on  an  input  of  external  compression  inlet  on  a  design  mode  of 
activity. 

1.  Hong  Yan,  R.  Adelgren,  G.  Elliott,  D.  Knight,  M.  Ivanov,  D.  Khotyanovsky,  A. 
Kudryavtsev.  Laser  Energy  Deposition  in  Quiescent  Air  and  Interacting  Shocks  //  The 
Fourth  Workshop  on  Magnetoplazma  Aerodynamics  for  Aerospace  Applications. 
Moscow  9-11  April,  pp.  68-77. 

2.  T.A.  Bormotova,  V.  V.  Golub,  V.  V.  Volodin.  Comparison  of  Efficiency  of  Mechanical  and 
Thermal  Correction  of  Scramjet  Intake  //  The  Fourth  Workshop  on  Magnetoplazma 
Aerodynamics  for  Aerospace  Applications.  Moscow  9-11  April,  pp.  112-116. 

y/JAPHO-BOJIHOBAfl  CTPYKTYPA  HA  BXO^E  BO  BXO^HOE 
yCTPOHCTBO  BHEUIHErO  C5KATHH  nPH  OHEPronO^BO^E  B 
CBEPX3BYKOBOH  HABETAFOIHMM  HEB03M YlHEHHhIM  nOTOK 

C.  K).  Iluppzoe ,  A.  C.  lOpbee,  A.C.  Maxpoe,  Tunaee  B.B. 

BKA  hm.  A.  <I>.  Vlo'/KaiicKoro.  CaHKT-FIeTep6ypr,  Poccna 

B  HacToanjee  BpeMa  Be^yTca  aKTHBHtie  pa6oTbi  no  HccjieAOBamno  BjinaHna 
OHeprono^BOfla  Ha  aapo^HHaMHicy  h  o6TeicaHHe  nepcneKTHBHbix  CBepx-  h  riinep3ByKOBtix 
jieTaTejitHbix  annapaTOB  (TJIA).  Oahhm  H3  HanpaBjiemiH  b  ^aHHoft  oSjiacTii  aBjiaeTca 
uccjienoBaHue  BJinaHiia  SHeprono^BOfla  Ha  xapaicrepHCTHKH  bxo^hbix  ycTponcTB. 

IIpH  noneTe  Ha  CBepx-  h  rHnep3ByicoBbix  cxopocTax  npHMeHeHHe  TpaAUHHOHHbix 
MeTOflOB  ynpaBJieHHa  yzjapHO-BOJiHOBOH  CTpyKTypoii  CTaHOBHTca  npaKTHuecKH 
HeB03M0aCHBIM. 

K  HacToameMy  BpeMeHH  BbinonHeHO  hcckojibko  pa6oT,  KOTopwe  noKa3HBaiOT 
B03MoacHOCTb  ynpaBJieHHa  yqapHO-BOJiHOBOH  CTpyicrypoH  bo  bxoahom  ycTpoftcTBe  c 
noMOuibio  3HeprononBona  b  Ha6eraK>Hi;HH  nOTOK  [1,2]. 

IIpH  uccjiejioBaHHH  BjinaHHa  3HepronoABOAa  Ha  TeueHue  bo  bxoahom  ycTpoftcTBe 
Heo6xoflHMO  paccMaTpHBaTb  nsa  acneicra.  Bo-nepBbix,  npHMeHeHHe  aHeprono^BOfla  juia 
ynpaBJieHHa  o6TeKaHHeM  ajieMenroB  KOHCTpyKtjuH  TJIA,  tbkhx  xax  HocoBaa  uacTb  h 
Hecymue  noBepxHOCTH,  npuBonuT  k  o6pa30BaHHio  TenjiOBoro  caoa,  KOTOpbiii  mokct 
noBjinaTb  Ha  napaMeTpbi  TeueHua  B03,ayxo3a6opHHKa  Ha  pacueTHOM  peacHMe,  h  TeM  caMbix 
yxynuiHTb  napaMeTpbi  BxonHoro  ycrpoHCTBa.  Bo-BTOpbix,  3HepronojiBon  mokct 
Hcnojib30BaTbca  xax  AOCTaTouHo  3(J)(J)eKTHBHoe  cpe^cTBo  ^jia  peryjmpoBaHHa  pa6oTbi  Ha 
HepacneTHbix  peacHMax. 
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B  pa6oTe  b  paMKax  Mo^enn  H^eantHoro  HeB»3Koro  ra3a  BtinonHeHo  Hccae^oBaHHe 
BJiHBHHfl  3Heprono^BO^a  Ha  y^apHO-BOJiHOByio  CTpyKTypy  bo  bxo^hom  ycTpoiiCTBe 
BHeuiHero  cacaTHa  Ha  pacueTHOM  peacHMe  pa6oTti. 

IIoKa3aHO,  hto  3HepronoABOA  b  HaderaiomHH  HeB03MymeHHbiH  noTOK  MoaceT 
Hcnojib30BaTbca  ajm  H3MeHeHHa  yaapHo-BOJTHOBOH  cTpyKTypu,  B03HHKaK>meH  Ha  Bxoae  bo 
BxoaHoe  ycipoftcTBO  Ha  pacneTHOM  peacHMe  padoTbi. 


EXPERIMENTAL  OBSERVATION  OF  NON-PREIONIZED  AIRFLOW 

IN  MAGNETIC  FIELD 

V.I.Alferov,  A.  V.  Podmazov,  V.S.  Tikhonov ,  A.A.  Tikhonchuk 

TsAGI,  Zhukovsky,  Moscow  region 

D.S.  Baranov,  V.A.  Bityurin,  A.N.  Bocharov,  S.S.  Bychkov,  S.  V.  Gorjachev 

JIHT  RAS,  Moscow 


Experimental  study  of  the  non-equilibrium  ionization  of  high-speed  airflow  in  transversal 
magnetic  field  predicted  earlier  in  papers  [1,2]  and  the  paper  presented  at  this  Conference  has 
been  performed  at  the  hypervelocity  Wind  Tunnel  facility  of  TsAGI.  The  TsAGI  facility 
operated  in  this  experiment  in  reduced  mode  (with  no  additional  MHD  acceleration  used 
under  nominal  conditions)  in  order  to  avoid  the  parasitic  influence  of  the  NaK  seed  on  the 
studied  phenomena. 


Fig-l -  Flow  visualization.  Magnetic  field  OFF.  Fig.2.  Flow  visualization.  Magnetic  field  ON. 

The  experimental  model  described  in  detail  in  our  previous  publications  (see  [1,2]  and 
references  there)  is  the  flat  «thick»  plate  of  about  A4  format  of  ~  15  mm  thickness.  The  oval 
magnetic  system  coil  is  located  inside  the  plate.  At  the  typical  value  of  the  half-period 
sinusoidal  current  pulse  of  3  kA  the  magnetic  induction  at  the  plate  surface  reaches  ~  0.7  T. 
The  model  is  located  in  the  flow  under  angle  of  attack  of  10°.  The  upwind  plate  surface  is 
equipped  with  segmented  electrodes  used  in  this  experiment  for  potential  measurements  only. 
The  most  interesting  region  of  the  flow  predicted  in  the  theoretical  studies  is  located  at  the 
suction  backwind  plate  surface  and  this  region  was  the  main  object  of  the  fast  visualization 
with  the  VS  Fast  camera. 

In  this  experimental  series  the  luminosity  recorded  at  the  suction  flow  region  at  the 
moment  of  magnetic  field  pulse  (pulse  duration  ~  2  msec)  and  also  during  the  next  3-4  msec 
as  decaying  object  with  no  change  of  location  (see  Fig.  1,  Fig.2). 

The  potential  measurement  recorded  the  potential  pulse  well  correlated  in  time  with 
magnetic  field  pulse. 

The  results  of  this  series  correlate  well  with  the  first  observation  made  in  last  December 
(see  [2])  and  will  be  analyzed  later  to  compare  with  the  theoretical  evaluation. 
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3KCHEPHMEHT AJIBHOE  HAEJHO^EHHE  BO^VWHOrO 
nOTOKA  B  MArHHTHOM  IIOJIE 

Ajicpepoe  B.H.,  IIodMa3oe  A.B.,  Tuxouoe  B.C.,  Tuxonnyx  A.A. 

U,ArH,  )KyKOBCKHH,  MocKOBCKaa  o6ji. 

Eapanoe  JJ.C.,  Eumwpun  B.A.  Eonapoe  A.H.,  Ebinnoe  C.C.,  lOpu'iets  C.B. 

OHBT  PAH,  MocKBa 

Ha  ranep3ByKOBOH  aopo^HHaMHuecKon  Tpy6e  U,ArH  HCCJieaoBajiacb 
HepaBHOBecTHaa  uoHrnaima,  paHee  npeacxa3aHHaa  b  pa6oTax  [1,2],  ot  B3auMOAeucTBua 
noTOKa  B03nyxa  c  MoaeJibio,  coaepacameii  3JiexTpOMarHHT.  Moaejib  npeacTaBJuma  co6oii 
nnocxyio  nnacTHHy  cooTBeTCTByiomyio  (J)opMaTy  A4,  tojiuiuhou  1,5  cm.  nepeaHaa  xpoMxa 
moacjih  3aocTpeHa.  ByTpn  MoaeJiH  pacnoaaraaacb  OBajibHaa  KaTymKa.  npn  Toxe  b  xaTymxe 
3  kA  Ha  noBepxHocTH  MoaeJiH  co3AaBaaocT  MarHHTHoe  noae  ~0,7  Ta.  Mo^eab  6biaa 
HaKaoHeHa  k  och  noTOKa  Ha  yroa  10  rpaaycoB,  Tax  hto  nepeaHaa  xpOMxa  onymeHa  bhh3. 
noTox  B03ayxa  Ha  HHacHeft  naocxocra  Moaeau  co3aaBaa  3acToftHyio  30Hy.  C  noMombio 
cxopocTHoii  BHaeoxaMepw  VS  Fast  Beaocb  HaOaioaeHHe  3a  Moaeabio  (pnc.l).  06HapyaceHO, 
hto  b  MOMeHT  BxaioHeHHa  Toxa  Ha  HuacHeu  noBepxHocTH  Moaeau  h  Ha  He6oabmoM 
OTaaaeHHH  ot  Hee  noaBaaeTca  CBeneHHe  (pnc.2).  CBeneHne  Ha6aioaaeTca  h  b  tchchhh  ~ 
0,010  c  nocae  BbixaioneHna  Toxa  b  xaTymxe.  3(])(])exTa  cHoca  cBeTameiica  o6aacTH  noToxoM 
B03ayxa  He  HaOaioaaeTca. 

Ha  BepxHeft  naocxocTH  Moaeau  pacnoaoraaucb  ase  napbi  oaexTpoaoB  (sohaob)  b 
BHae  mTbipbxoB.  Harpy30HHoe  conpOTHBaeHHe  1  xOm  coeaHHaao  xaacayio  napy  aaexTpoaoB. 
Bo  BpeMa  BxaioneHHa  MarHHTHoro  noaa  Ha  Harpy30HHOM  conpoTHBaeHHH  HaBoanaacb  3/JC. 
xoTOpaa  xoppeanpOBaaa  c  toxom  b  xaTymxe. 


RESEARCH  OF  THE  EROSIVE  DISCHARGE  IN  SUPERSONIC 
STREAM  OF  ELECTROLIT  DROPS  IN  AIR  FOR  THE  PURPOSE  OF 
BURNING  STABILIZATION  OF  KEROSENE  IN  THE  JET  ENGINE. 

1Bityurin  V.A.,  2 Bykov  A. A.,  I,3Velikodny  V.Ju.,  3Samuolis  I.A. 

'United  institute  of  high  temperatures  of  RAS,  Moscow 
2Moscow  institute  of  physics  and  technology,  Moscow 
institute  of  applied  mechanics  of  RAS,  Moscow 

One  of  not  solved  scientifically  -  technical  problems  is  creation  direct  flow  jet  engine. 
To  achieve  cruiser  regime  of  flying  with  the  direct-flow  engine  (6  Mach)  it  is  necessary  to  use 
liquid  jets  because  of  low  air  temperature  in  the  combustion  chamber.  Authors  suggest  for 
burning  stabilization  of  kerosene  in  the  direct-flow  engine  to  use  the  erosive  discharge  in  a 
supersonic  stream  of  electrolyte  and  kerosene  drops  and  air.  For  modeling  of  the  discharge 
experimental  stand  has  been  created  (Fig.  1).  Air  stream  is  accelerated  to  M  =  1,7,  and  then 
salty  water  is  sprayed.  Diameter  of  drops  are  equal  0.5  -  1  microns.  In  a  stream  the  erosive 
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discharge  is  created.  For  this  purpose  wax  was  put  on  the  anode.  Distance  between  electrodes 
is  equal  10  mm.  Critical  voltage  is  1.5-2  kV,  a  current  under  given  parameters  achieve  1,7  A 
The  category  leaves  from  the  electrodes  on  25-30  centimeters  (Fig.  2)  that  confirms 
possibility  of  increase  temperature  of  gas  in  considerable  volume  for  burning  maintenance. 


Fig.  2.  Area  of  discharge. 


HCCJIE^OBAHHE  3P03H0HH0r0  PA3Pfl^A  B  CBEPX3BYKOBOH 
CTPYE  B3BECH  3JIEKTPOJIHTA  B  B03£YXE  C  LJEJlbK) 
CTAEHJIH3AIJHH  rOPEHHfl  KEPOCHHA  B  IIPflMOTOHHOM 

PEAKTHBHOM  ^BHTATEJIE. 

1Eumwpun  B.A.,  2EbiKoe  A.A., 1,3 BemiKodHbiu  B.IO.,  3 CaMyojiuc  H.A. 

'OSteAHHeHHMH  HHCTHTyT  bmcokhx  TeMnepaTyp  PAH,  MocKBa 
2MoCKOBCKHH  <j)H3HKO-TeXHHHeCKHH  HHCTHTyT  (TOCyflapCTBeHHblH  yHHBepCHTeT),  MoCKBa 
3HHCTHTyT  npHKJiaflHOH  MeXBHHKH  PAH,  MocKBa 

O^hoh  H3  He  pemeHHtix  HayuHo  -  TexHuuecKux  npodaeM  aBaaeTca  co3AaHue 
mHpOKOflnana30HHoro  B03AyniH0  -  peaKTHBHoro  ABHraTeaa.  BbiBoaa  jieTaTejibHbix 

annapaTOB  c  npaMOTOHHbiM  ABHraTeaeM  Ha  KpeftcepcKHft  peacHM  nojreTa  Hcnoab3yioTca  jih6o 
acH^KOCTHbie,  jih6o  TBepAOTonauBHbie  peaKTHBHbie  ycKOpHTenn,  Tax  xax  npaMOTOHHbie 
^BHraTejiH  HesiJxjieKTHBHbi  peacHMax  nojreTa  c  M  =3-5  H3-3a  hh3koh  TeMnepaTypbi  B03Ayxa  b 
xaMepe  cropaHiia.  ABTOpaMH  npeAaaraeTca  aaa  CTa6HJiH3au;HH  ropeHHa  Kepocima  b 
npaMOTOHHOM  ABuraTejie  ucnoab30BaTb  3po3HOHHbift  pa3paA  b  cBepx3ByKOBOM  noToxe 
B3BecH  xanejib  Kepocima  h  sneKTponHTa  b  B03Ayxe.  ,H,na  MO^ejiMpoBamia  ropeHHa  paspaaa 
«b  xoboahom  peacHMe»  6buia  co3AaHa  SKcnepHMeHTaabHaa  ycTaHOBKa  (cm.  puc.  1,  ee  cxeMa). 
B  Heft  noTOK  B03Ayxa  ycxopaeTca  ao  cxopocTH,  cooTBCTCTByioiueft  M=  1,7,  h  3aTeM 
pacnbiaaeTca  coaeHaa  BOAa.  TaKHM  o6pa30M,  noaynaeTca  ra30B3Becb  c  AnaMerpoM  KaneaeK 
0,5-1  mkm.  B  noTOKe  peaaroyeTca  3p03H0HHbift  paspaa.  ,Hna  3Toro  Ha  aHOA  HaHOCuaca  bock. 
PaccToaHHe  MeacAy  aaerrpoAaMH  10  mm.  HanpaaceHHe  npo6oa  1,5  -2  kB,  cuaa  Toxa  1,7  A. 
IIpH  abhhbix  napaMeTpax  pa3paA  3aHHMaa  doabinoft  o6beM  h  BbiHOcnaca  3a  pa3paAHbift 
npoMeacyTOK  Ha  25-30  cm  (cm.  Phc.  2),  hto  noATBepacAaeT  B03MoacHOCTb  noBbimeHHa 
TeMnepaTypbi  ra3a  b  iHamiTeabHOM  o6beMe  Aaa  noAAepacaHHa  ropeHHa. 
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EXTRA  HEAT  ENERGY  RELEASE  AND  NEW  CHEMICAL  ELEMENTS 
CREATION  IN  VORTEX  AL-H20  PLASMOID  REACTOR 

A.  I.  Klimov,  A.  V.  Grigorenko,  A. A.  Tsymbal,  I.A.  Moralev,  B.N.  Tolkunov 
Joint  Institute  of  High  Temperature  RAS,  klimov@ihed.ras.ru 

Experimental  study  is  carried  out  in  AI-H2O  chemical  plasmoid  reactor.  Physical 
properties  of  vortex  plasmoid  created  by  capacity  coupled  HF  electric  discharge  are  studied  in 
this  work.  This  study  is  continuation  of  the  previous  one  [1],  Swirl  argon  flow  is  created  in 
this  reactor.  Capacity  coupled  HF  discharge  (N<j<  2  kW,  FHf=  0,1-2  MHz,  modulation 
frequency  FM<  10  kHz)  is  created  in  quartz  chamber  of  this  reactor  also.  This  chamber  is 
filled  by  water  (its  volume  is  about  1/3  of  total  reactor’s  volume).  HF  plasma  parameters  are 
the  following:  -  Tg~3000K,  TV~4000K,  Ne  ~1014  cm'3.  Aluminum  powder  p-  diameter  is 
injected  through  HF  electrode.  Mass  flow  rate  of  aluminum  powder  is  measured.  Chemical 
analysis  of  the  final  chemical  species  in  this  reactor  is  measured  by  different  diagnostic 
instrumentation.  It  is  revealed  that  there  is  extra  heat  energy  release  in  this  plasmoid  reactor  at 
water  and  argon  injection  only  (at  aluminum  injection  off).  The  maximal  value  of  extra 
energy  release  is  about  160%.  Its  value  is  depended  on  argon  vortex  parameters  namely.  New 
chemical  elements  are  created  by  HF  plasmoid  in  this  reactor  also.  It  is  important  to  note  that 
these  elements  are  not  determined  in  the  initial  water  and  aluminum  powder. 

1.  Kjihmob  A.H.,  TaBpHTeHKOB  A./f.,  MopaaeB  H.A.  n  AP-,  noaBneHne  hobbix  xHMnnecxnx 
ojieMeHTOB  HaA  noBepxHOCTbio  boabi,  TpyzjBi  PKXTHX3  h  HIM,  2008,  /faroMBic,  15c. 

BLI^EJIEHHE  ^OnOJIHHTEJILHOH  TEIIJIOBOH  3HEPEHH  H 
nOBBJIEHHE  HOBLIX  XHMHHECKHX  3JIEMEHTOB  B 
BHXPEBOM  AL-H20  IIJIA3MOH£HOM  PEAKTOPE 

A.H.  KnuMoe,  A.B.  IpuzopenKo,  A.A.  UbiMoa.i,  H.A.  Mopanee, 

E.H.  TojiKynoe,  JI.E.  IIojiHKoe 

OoteAHHeHHbiii  HHCTmyr  bmcokhx  TeMnepaTyp  PAH,  klimov@ihed.ras.ru 

B  HacToameii  padoTe  6bijih  npOBejieHBi  sxcnepHMeHTaabHBie  nccaeAOBaHna 
(j)H3HHecKHx  npoqeccoB  b  BuxpeBOM  AI-H2O  njia3MOH^HOM  peaKTope.  3Ta  pa6oTa  aBaaeTca 
npoflorDKemieM  nccaeAOBaHHH,  HanaTBix  b  [1],  BuxpeBOH  noTOK  b  peaxTope  co3AaBaaca 
npeAsapuTeaBHO  cacaTBiM  aproHOM.  BH  pa3pa a  eMKOCTHoro  Tuna  (NHf<  2  kBt,  FHf=  0,1-2 
MTii,  uacTOTa  MOAyaannn  MeHee  10  kTu)  co3AaBaaca  b  KBapueBOM  cocyae,  HanoaHeHHOM  Ha 
OAHy  TpeTB  boaoh.  napaMeTpBi  BH  naa3MBi  dxian  caeAyiomnMH  (ra30Baa  TeMnepaTypa 
Tg~3000K,  KOJiedaTejiBHaa  TeMnepaTypa  T\~4000K,  saexTpOHHaa  KOHneHTpaima  Ne~1014 
cm'3).  AjuoMHHHeBBift  nopomox  MHKpoHHBix  pa3MepoB  noAaBaaca  uepe3  BH  snexTpoA. 
PacxoA  nopomxa  xoHTpoanpOBaaca.  AHaan3  bbixoahbix  npoAyxTOB  aHajiH3HpOBajica. 
OdHapyaceHo,  hto  b  TaxoM  peaxTope  HMeeTca  AonoaHHTeaBHBin  bbixoa  TenaoBon  sHeprnn  b 
peacHMe  3arpy3xn  peaxTOpa  boaoh  h  ncnoaBSOBaHna  noTOxa  aproHa  huh  B03Ayxa  (6e3 
noAauH  ajiTOMHHHeBoro  nopomxa).  noxa3aHo,  hto  xo3(J)clmimeHT  H36BiTxa  TenaoBoft 
3HepruH  MoaceT  AOcraraTB  6e3  noAauH  aatOMHHneBoro  nopomxa  -160%  n  3aBncnT  ot 
napaMeTpoB  Bnxpa.  B  bbixoahbix  npoAyKTax  peaxTopa  odHapyaceHBi  HOBBie  xHMnnecxne 
saeMeHTBi,  He  coAepacanineca  b  HanaaBHBix  npoayxTax,  ncnoaB3yeMbix  b  stom  peaxTope. 
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STUDY  OF  INTERACTION  OF  LONG-LIVED  PLASMA-CHEMICAL 
FORMATIONS  WITH  EXTERNAL  EM  RADIATION 

KutlaUev  V.A.,  Klimov  A.I.,  Moralev  I.A.,  Tolkunov  B.N. 

JIHT  RAS,  Modcow,  Russia 
Shibkov  V.M.,  Yershov  A.P.,  Surkont  O.S. 

MSU,  Modcow,  Russia 

Main  task  of  this  work  is  a  study  of  interaction  of  long-lived  plasma-chemical 
formations  (LPCF)  with  external  EM  Radiation. 

New  plasma  generations  of  LPCF  and  their  power  supplies  were  designed  and 
elaborated.  LPCF  parameters  were  measured  in  cold  airflow  and  hot  exhaust  combustion  gas 
flow  ( T  =  1000°C)  by  diagnostic  instrumentation.  It  is  revealed  that  LPCF  can  decrease 
external  MW  radiation  (A  ~  1  cm)  considerably  (up  to  100%).  Maximal  electron  concentration 
inside  LPCF  is  about  1014cm'3.  Gas  temperature  inside  LPCF  is  about  3000  K. 

H3YHEHHE  B3AHMOAEHCTBHH  AOJirO/KHBVlIIHX  nJIA3MO- 
XHMHHECKHX  OEPA30BAHHH  C  BHEIHHHM 
3JIEKTPOMAFHHTHLIM  H3JIYHEHHEM 

Kymnamiea  B.A.,  Kjiumos  A.H.,  Mopcuiee  H.A.,  TojiKynoe  E.H. 

OHBT  PAH 

UIudKoe  B.M.,  Epiuoe  A.II.,  Cypnonm  O.  C. 

Mry  HM.  M.B.  JlOMOHOCOBa 

LfejTbTo  HacToameii  paOoTbi  aBjraeTca  H3yuemie  B3auMOAeucTBua  aonroacHBymHx 
nna3MO-XHMHHeCKHX  o6pa30BaHHH  (£11X0)  C  BHeiUHHM  3JieKTpOMarHHTHbIM  H3JiyueHHeM. 

B  npoqecce  pa6oTbi  6buiu  pa3pa6oTaHbi  n  H3roTOBjieHbi  HOBbie  nna3MoreHepaTopbi 
£11X0,  BKJiiOHaa  hx  hctohhhkh  sjieKTponHTaHHa.  Bbijih  onpeaeneHbi  napaMeTpbi  ,3,11X0  c 
noMombTO  ^narHOCTHuecKOH  annapaTypbi  b  xojio^hom  B03ayniHOM  noToxe  h  b  ropaueM 
ra30BOM  noTOKe  npoayKTOB  cropaHua  yraeBoaopoaHoro  TonuuBa  c  TeMnepaTypoii  j\o  T  = 
1000  C.  OKcnepHMeHTaabHbie  aaOopaTopHbie  uccjTeaoBaHua  noKa3aau,  hto  co3aaHHbie 
£IIXO  MoryT  3(J)c|)eKTHBHO  (no  1 00  %)  ocjiadjiaTb  CBH  H3ayueHue  Ha  aauHe  bojihbi  nopaaxa 
1  cm.  MaKCHMajibHaa  sneicTpoHHaa  KOHueHTpapua  b  £IIXO,  H3MepeHHaa  c  noMombio 
saeKTpHuecKHx  30HaoB,  cocTaBaaeT  1014cm"3.  Y asoBaa  TeMnepaTypa  b  £IIXO  MoaceT 
aocTuraTb  3000  K. 
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